FITC fePFl amssle IFBFA C0»i|j6$e*j ©f FfFE ^msde 46 a»d 41), A flam® 4aed 
r^iind MtlotT! fliask {50 mL) m& ehargsd with perfiu0mp0lpf{her mstliyl ester 3$ (L#2 

Mdl%) was dissolved m mfiuoroetMnol (2,0 mli) anil sdded to PFFl oil, followed by 
5 Iriethykmins (0,84 mL, 6.0 mmoV). The reaction mixture was allowed to stir -at r.t for 48 h 
proteeled from light, Dsethylamine (1,24 iiiL, 12.0 mmol) was added to spm&n all 
ursrsacied ester end groups of PFPE into tertiary amide, and the reaction continued for 72 h 
St r,t. The eseess diethyl smine and melhsnol were; ren-ioved by vacuum, &nd the flirsai dark 
yellow oil was washed oftce with etha«0l, corjpesitrated i^ vscao and used for flyoj-e^cem 
W iimommiimm pmp^tAimxn witout farther pnnffcali0ns. 

AlexsM? FFFE anuide (FBFA »f FF^E amM^ 1^ 18 afed 19), A flame dried 

gfess vml (2 j; mi.) iushed with argdSj was sSiaried with psrll?^dro|!olyethef rne^^ ester 
39 |{IJ8i:mL, tmn^, Ai^^4^'^m^mm (0,002 1, 0,902 mmol, 2,5 

IS was dissolved; in tiilluoriSethaisKsi (2.0 rhL) aad sddsid tfe FFI^E i5ii fblldwed by 

iriisthyiamine CO.lM mL, nimcl), Ths; teaction mlxtnm wss alidw^sd t& sh^fe dd a 
mechsinicaf shaker at SO rpiti at r.t fer 48 h protecte<l IVor-s: Hgl^t. Diethylamn'se (0,08,. 0,77 
tnfS^ol) was added ta convert all us>reaeied ester end groups of PPPE into iertiary aniide, 
and the reaction was allowed to proceed for 72 h at r.t The excess diethyl amine and 

20 :methanol vvere removed by vactmm, and the fiml dark yellow oil was wasxhesl with 
ethanoL concentrated in vscud^ and u«dd for Snoi^essSetst hanOijitjyJsiiin preparations 
without fprthfr purilicatjs?t)5t. 

Th^ FBPA was us«d Ipr llnonssOetii PFPE nanoemuls:i<ftt preparatii?ns hy 
2S micrdHnid ligation on lis?^ scale {25ntL):. f ERE amide? detnon^trated Stability asid held the 
fluorescst?! dye in the PFPE oil pMsp during mierofkidiKation, Pluisresmvce 
meastsremettts showed the BOPIPy-TR 4ye Sipectrum did not ehange after coupling; to 
PFPfe. Using the same approschs PP methyl e^ter 3& was laheted with highly fluorescem 
AleKaFiuor 647 dye, to allow pTolongsd lluofesceht imaging of labded eefls in wvo. 
30 AlexsFiooT labeled csdaversne was directly cotipled to PFPE methyl ester 39 at 2.5 mol% 
and the rest of ester end gronps were converted to diethyl amide by treatment with excess 
diethyianujie. Labeling was perlbnnfed at room temperature in trifluoroethanol , After the 

BO 



fliiofe^eent dye was c^apkd, f|«orescesiee mul UWVIS afesofbaiice measiiiemMts of 
labeled PFPEwere tot couplirtg elficiieis^y estimst^, (Figure 43,4-8)- , Following 
ttle Sisme appfoachj th«: FFFB ^ter S9 wi^s (Spopl^d to JF;0'!G 4y^ via ead«!vmn<j lisfer at 2 

vvliski tte rast of ester enti gmtips wct© eonvSTied &> tertiarj' amides with excess 
5 <liefl)yS30«ne (Scheme 4), In all easels the resulting prndoct is fiuoresoent '"biejKled" PFPE 
amide (FBPA). These oils were named *%ls^ded" because of the specific nature of 
iuorinaled oils to stay together as its own phase, I^sseikorsscent oils b unique 
oil |sha,5ie in all emid$io« pre|»ration experhBents> 

We tove also «x|>!<5J>e^ h0w weilFFFB 0xi<ie l a and FFFE amide i ble^d tsjge^te. 
1 0 Vfe ha%<e fotitKi th&i PFPE: <>il$ hUni at any gs ven f stio and we used &m bk«ded PFfB 
(FFPE &md& I md FFPB oxide la) ior dMoemuIMsn prf^'^a^^^^ 

We alk> suceessflilly blended F8PA oils with PFFl MM^fe la in order to isr^spare Mglitly 
sisble flutereseeM m^noemubi^ The "blemfel" FFFB dil approach csn be 

aiiid wa^ apFil«^ t<> ail FFP.H dfenVaisves and it was s«<j>c;si^sft3(l In mmt MniMbn 

I S preparaticsns. He PFPE derivatives t«m&<i to fdfm z is.m<pe pil i^mste titat was not mixisig 
readily with etth^ water m oil iM riathsg- stayed as a sepa^fe phase. This was mostly tme 
for those "blended" oils that contaJined fiuorescerii. dyea,, or wevs made by mixing FFFE 
atjiide Tisod PFPE oxide la dillerent ratios. 

By definition "bkndsd" PFFE oil contains PFPE derivative 1 mixed with PFPE 

20 oxide la at volume ratios from 1/1 00 - 1/1 , irs most emulsious we used 1/9 ratio v/v, Itthe 
PFPE amide is acUiaily FBFA, it w^s disp M^jded: with FFPE oxide l a m volume ratio 
l/IO. These hleriids were used &r ilus^seent nanoemublon; pr<^3arations desspibed m 
dstai! below, 

35 the amiqo-swctive dye C>*S Ti>ay be used ip couple to an itnaglng reagent. In sueh 

instsnoes the contpOisitifM ooui|jrlstng a cotu|H>ut^^^ of Ibnuub 10 and a aptftpound of 
fomtola 1 ttiay be issed, as shown in Seiienie 5, whosreln ft, mdependeotly for each 
oceurrettoe, represents an integer from 4 to i6. 

Scheme 5; 
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In general, any amino-reactive dye can be coupled onto an imagmg reagent M: 
■forth above that Qont»im>m ^asaiae. fuaetionalitjr. ..B«r.ex-m«pk» coinpaunds 27, 3:0, 33, or 
5 M may fee prepared aeco^ditag to the pr^ In Sclie«i« ^, wi^^erem 

Indepetidemly for each occmtoricfej ropfesetUs an integer fk^M 4 l6. Fisrtherrmjrfej ajs>' of 
Ihes^ eompduMs cm be ftirlher MeM«id vvith PF FE <mM i a arid/ot PFPE amkle 1 to tbmi 
new EBPA blmd&\ as described ateve. Tins takes ad v:Mtag<j oC the i"act ihsst PFFB 
derivMvigs tend to r»ix belter wstb PFPIi denv^^^^^^ thm witb water ororgaok oils. Mfy 
10 of tbese fluoresc'eht and ii(i>!vfl:uoreiseent FFPE dtinvat^ be lsiendfcel eatfe other 
sn any ^^jmblMtson, i^rdvidisg divcFSfe isd: ssf FFPE oH siv^Bstbie for naaoemiilsion 
preijamticfn SiisJilsither Mmg Mftml mtio&mnMoixMM reagetn propetties, 
Schemo 6; 
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Due to the low coacenrraiion of dyes used for labeling PFPE modified osb, I9F NMR as^d 
MS <1ata were not sufficient mdicalors for the coupling yield. We could not observe 
presence of tlie.dy* that. was «s«ajiy 1 mol% or less by NM'R-Of MS analysis. Alternative 
analyljeal Sfpr^aclies were med, A cDmbi^Mion Of spectrophotomeirio iinalysjs and 
iiooi^cence was tised to dietermiiie the dye coupHng to the PFFE, In the case of the highly 
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0«0fe$cem Al«xa^7 dye, extwroeiy low c»ooeatirafl»ns (0.05 rnoM) were s^sffid^nt to 
gis^ij adequate iliioresceM tegging of ia^rgei cells labeletl with FEPE emwlsloj^s, l» tlie <Jase 
0f pODIPy-TR ISbelv 0<5mol% si0im^. For mch 4ye, sStsni:feird CMrs'iss wtrfe 

5 CQBjygates, and the free dye. Fiuoresssently :1abelM -PFPEs were pur^flesl by soiveni 
extraction or FSuoroFlash filtration to -remove ujireacted dye. Then, fluorescent. FF.PE oi.l 
was dsssolyed in mflttOfoetha«ol and both UV/VIS absorbance and fluorescence were 
mea.su.red. Concentration of the dye was e^stiniated fVop? the corivStriscied sjiandsrd curves by 
two iridepe?jdeot methods, iocluding iluorescetjcs aiRsi IJVfYlB absorbance :CFigw§ 4M-- 

10 B). It is knowft in tfie sri thst Suoreseent dyes can Ghai>ge their flHOsescent jsscsperties 
\i0OB coftjuptiot? to mactomolecules, XhcT^ore-j the 4i?sof bance «fid erjti;s$;ioTv spestrs were 
s^taismf for tliKJfescently Isfeslee^^ PFPE, compouMs oFfontiuia 10 and formula 1, and 
eompmidds of &(nKuia 16 aiitl ibrmwla 1; l^luoreacei^ee emissiod was 
uMflested by die ^jftOjugatiott to PFPE CHi|dre ^^G-D);, EMmples Of analytical i^ata^, 

IS irsdudmg; BFL4 'H, *^C, NMR and MALDI-TQF of sel^eled FFFB derivativiis, are 
jsresediM f n F igures 4 1 

AltersiSitm Chsssnel MRI Reagent- (compound 42): 



The following piwedure- was jnodihed iVom Jiang e/ a! (36), To a solution of 1- 
octanol in anhydrous ether (MS 40jS-'mmi&l) w^s added triphenylphesphine (ii,fl g, 
42,37 tnnuil) ami the mixture stirred at mom teirsperatufe for I S thihotes tJtstil the powder 
cohtpletely dissolved. The reactiod misttire ws$ then placed; od ah ic^ hath (0 ''Q) and 
25 dilsoprO|jy}a-^ddlCarboxylMe { ^.7} mL, 44:,3S mm(>1) Was added dropwisgi, 'ITie addition 
Was perfoHTied anddr ai-goo atmosphere. Ditritig the additlod th^ solutidh #anged cplor 
pale yelfew ^dd yellow ^redtpitste I<>rh5ed. the ^ddltiod was compietdj the reaction 
n-jixt^re Was stirred for an addidddal 30 minutes on the iee ijatch and then pertlnoro-i^ef'?- 
fentasol (10.00 g, 42,31 mmol) w^s added in one port issn and the resultiBg nnxture was 




Cstnpouiid 42 was prepared accord ing to Scheme 7 and the tdllowing procedure; 

F-:,C CP.; 

OH 
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sttrfed feu at room temperatisre. The o^de reaetfon mixtwe was fjltered o^r slK>{t 
SiOj column to remove tnphstiylpl^osijhioe oxUfe pm^lpitM& Tl^e illtTMe: vvas 
■bai^pentratedf rMissspivecl irt s siiiail sswtsjit oi\ethef and Osi s SiOj <;ol»sna. ""Fhe 

product was fluted with pefOm>mfiexsj5es/ethss' (1;^ "^'''v) mkture and a>nceFstrafe£! ih 
vacuo; Removal of the uoreacted perfiuoro-fm-batanol under vacuum gave the produot 41 
as a dear colorless osl (8.36 59.5%), 'H HMR (300 MH2: acetone) 4,12 ii, 2H, 
,^^=6.2 Hz), l;79 fdl, 2B, ./-6.6, 6.3 Hx), 1,46-1.30 (m, SOH); '*F NMR neat) 
-71 39 (s, 9F); '*€ NMR {75-6 MBz, nsal) <> ms (% .^2mSMz), ?Cf3, 3 1 ,5, 25. L 22.3; 
MS i^l) m/£ M%S (M''!-|C, 40), 

feFI*E: is a li|K>pl3ol>!s ai3d hvdroishohsc pdlysjer, which presents chislis«pss Ibf 
emiilsiiicatiOn. th& Mhet IsMd, the*e is a efear sivaMage to these i>rO|>erties, PE mk 
readily mix mth each dther at aiVy given MiJo providirig a uhkiue :^tJoanatod phase tbr 
nanoeimuMOn preparaison, Blehdsd PFPE oils are readily adcessibk thrdugh simple 
voriexing of siiverse FFFE dodvativfes; (e.g., the FBF^s descrifesjd 8bove);Thg hIeKdesi olls 
may then be used for variety of esnulsloa preparsiisns atid in geooral behave as a single 
PFPE oil jjimss, 

A variety of omulsifiaation methods :WOs-e extensively exptored, Sooieatsoo, smd 
itstci-ofTttidfeattoo processsihg techftsques wore tested.: a& weh as low energy pietkods, soch 
as thisi fih« and vortexiog> ih siii iniwlsiion |fiE^p|i?atibnSj, PFPE derivatives remajJ)ed 

ossd as; e^cipl^ersts tot PFPE; «f«ulsi;lsc^tloit 

its ail of the esiperi ments using sohtcatipt), a Sontfser Cell Djsruptoi' (Miaoni ?£ Ino., 
FanjiiJjgdals, hfsw ¥ork) was ysed sit 20; watk output power md at 20 kHx. The tsp oCthe 
prohe i$ imniorsosl Into a small v<jkime otHQafd, us mL tn m gppendorf tobe. 

IMtess nofeci differently, all emuisifi cations were perfomjed at ro^m temperatUfe, 

in all of the described expeFimeiits tssing micro^fiol^^ lOS liafeofstory 

Mtcrofliiidizer Processor (Mscrofluidscs, Inc., NewtoOi MA) was used at 40-6Q psi 
worklagpressurs wttii sasrspie volumes in tlte range 10*40 mL, ooi excluding higher 



votames (up to lOOrftL}, MlcrfyidiigatiiOsSj fomoges5zatl<3», ami the Uke can also fee used 
for pR>d!:5etk>B of large batches 0f ^malmj« prodact ex<;eeds:ng 1 L . 

S|>ecf fiC Ex anspl of Emulsiors : 
5 PFPE amide/F6S emulsio?^; 

Pl«ro«k™ ¥6% was dissolved in aqueous buffer (HBSS, HydoBe) at ISO mg/mt, 
PFPE ami4e 1. v^'m added si 152 mg/mi.> an<i the ndxture (250 pit) vvas placed in m i .5mL 
Eppendorf vial and somast^^^^ (3t 20 W md 20 kH?:) room lemp<srature for 30 secomis. 
I'he emiilsion was then dilwisd 1:3 in BBSS and the pailkle sixe w^s measiwed by 
10 d^uaimc light scatt^ris>g i« Malyerri Zetasi^^er M withlft 1 hv Tim molaF raiio o f PFPE 
amide i iQ F^S was; 4,6:1 , The? jpolydi s|ffef§f (FOl) Ws$ 0. 12 to 0. sjijd: the m&mge 
partidle sixe S00 nm. The critkal mieedar eot\c^^^^ the PFPE amide 1 

«3kI Was estimated By p^^^ 
to»Miig ibr (he ourve ijttetsectioijj as iMs^n in Figure 1 . 

is 

PFPE/L3S mmisjioia: 

FFPE ai«ide I (24 363dTig, 0;0:3 mmo!) and Plij:m!r(c'5>« L35 (54 uL, 57.4 «5g, 
0:.03 mtriol) were mixed In an 1 ,5 mL Eppej)<Jorf tube md sonicated nest for 10 s,. 
DeiOJilzed water (122 |.iL) was Ihen added ami the mixture was sonicated xmdl it turned: 
28 eJear (1 0^ 1 5 s), Emulsssonss prepared as above were 5;tab|e at higb eoo<;e5ttnujons for about 
2-3 hours. If the emulsion Was:diluted lO^lbld in wat^i", tl^e particle: S!«e asd PDI fesiained 

Dust Pltsoresceftt/Mliri^an©^ Pilot version prepared by sofvica^^^ 

2S 

The Ikst fluorescent naaossTJulsioa was prepared with BOPIFy^TR PFFE amide by 
$0uieat|on/rhe cpsnposition eomalHifigPFfi-BOPIPy amide 16 a^^^ l*Fi^B amkle I |i 
mol% dye) was dliuted in pure PFi*E amide I at various conceutrations. fm a given 
misttsre dye coneentFatlonv the PPPE/BDDIFy (24 |aL.} was sonicated vvith L,^5 (54 .uL) 
30 ss^d water (1 22 ^iL). The presence of BQDiPy-TR, a llpophylic neutral dye,, b? PFPE- 

amide oil I had little effect on particle siBeaUd emulsification. of PFPE amide I , as shown 
sa Figure 2, The particle diameier was I l4Ji:3i,4 pm and the PDI varied IVom 0.1 0,4. 
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B0DIFy-FFFE amMe W133 &nnMom whhm&tmngBOW^ 
mmmtrMmm (0-1 mol%) were dIMfeti in wmet 10 times- 1%s Suor«scen€t iiltetjsjty was 
mea^\jrfed in a bIscKs flat b'(>tt»m 9jS~w^sll piste <>ft TEC/^ piat« r^iadef asidg 1 80 nth 
excitatmfs md §30 ttm emssfetoB, as showifi in Figttrs 3, 

5 "ffie pressnee oFlipophilic fluorsscesrt dye had virtoaliy no effect o.b emulsliication 

0f PFPE amsde I with L35 by sonication. The particle stee md PDl were comparable, -and 
this result mdtcated tM uptake may not cha«ge, Tl»s is important because tissue- culture 
pmtocols tliai are developed for labeiing cells can b« ^jtssd fer both Oucresccnt arui j)0;n- 
flMfJrescer^t vet^iefts of the PFPE Eianopartjcles. Furth^rniafe itls anticipated that the 

10 0yare^cent^ialiags copid be ijs^^^^^^^^ vitro: measuremeots of the fc^y pamp^eter f c as 
part <jf tite c^jiikbelisBg protocol developrnsint of vaiidaiicin. Xbus, th^ mmn eell i»adit>gj 
rjieasnred fey Fe, cmM be evatoate^ »si;«|; low-cost flyorim 
HMIi ifistmmentatiott j md the Fc rsssyft coxdd fee wsed for sitfempeRt is vivo i^^^ 
usirtg the; aoii--f[:tjorescertt V^sioris of the FFPife, 



A BandemuMofi with Alexa647rPFPB aTBi<fe vvas prep^^^^^ following; the sarrie 
procedure as above. Alexs?647 FFFE amide was diltsfsd in FFFE amid* to: iobtsln final dye 
CQOceatration at 0 05 mol% to FFPE, whseb was then emulsified with L35. Tlie- average 
ersulsjea pastlcle 4ia5y«ete5' was detemsiSied be IZ2-±17 tua.- 



CM>mpQsitio« of FEG-FFPE'Hmide 14 aod FFPE amide i; 

The comp^siti03> #ri)ptising FEC5-FFPE amide 14 aM PFFE amkle ) (25f.rh) 'mm 
aoiticatsd in 1 ml of W irs Hgure 4| or ! X FlBSJs (as showrj in Figwfe 5) for 

31) seconds. Thp eti^uBlOt) dslytiptis^^^ test^ Usirig pE^. Faftifile siae df i^B 

25 FFFE atnide 14 In Water vs^^s ]44il7<8 hm witlt FiSl fan^pg f^ 0 j |<) 0.S, The eritioal 
rrd^ellaf ieoueeiitfatiou ist water 33- S#S/^Pi^ was estitpated by pfettiag seatterin 
intetisity 8«d pastick size (FigiJre 4}. Farticie sb« iRcressed to 2ll*i6.4 nm^ with FDI 
t^vsildg ferm OJ S to O,4Qj wi*en FEO^FFPi: was emdsjfied ia I X HBSS bufe. Xbe CMC 
irs; 1 H. M 8S S was; esti mated to be 30. 1 mg/m L, as sboxvn sn FJgo re 5 , 

30 

Gompositios of PEQ-PFFE-smide 10 arsd FFFE arj^ide I : 
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Dsfeewt c0«cefttmt3O5)s of the ijsmpositteft of l'EG-FFPE>-amMe 10 and PFPE 
amidfe 1 #^re p^epp'ed by careftiUy dslutmg ^ <;0Mpos^^^^ of 33 sikisi % FBG-PFPE-amsdei 
0 iu PFFE ami4e 1 , A tot^l of 9 sample were jjrfepare^l mib dectsasliig 
coi^detjtTatiom of pEG^PFPE^aTTisde ID. Irom 33 to 0 moM, Badi tnl (25 ^L) was 
soBicsted in 125 uL of water .or IX BBSS for 10 sec, thm diluted m 750 |.iL wsth external 
pliase a,rsd sonicated for 30 sec, at the sanre power setting. The esBislssoas x^/ere then tested 
for particle size and zeia potentis! mxd storetl si. room tem.pe.rature. Figisres 6 and 7 shows 
the |)artiele size and scatteri ng iiitessity for all sasTiples. When water was used as medium, 
tlje average |>artiek sl5!ig wais lS^5;4i4,S «m with PDI 0. 1-03, as sfeaw^ i« Sgur^s^. 
Wkm IX HBS^ was tjsedjj p^i^ W8$ unchanged, l^3Al4jftm wtih I^DI-^^DJ-^I.Sj 

In botii media, the amfciynt «if PE£*>Ff mii^t 10 m feFFE amide 1 no et^^ 
on th«|>artfcle ske |>oiydts|)mitj*/ Bmulstons with ]«ss then 5 m6i% PEd^PFPE smM© 
10 resjiMiiM stable fiL>r at least fouif da^fis at rooM temperattjre. These staMe ethulskiM kept 
tM sarh 0 part i eie si ^e, scattetitsg intemity-: atid polydi jsijemit )*j as measured By DLS 
tBea^stjrettjents- The ssitne stability Was observed both m xmi&t Md MBB% buffet. Cqy&Um 
cosrjtigiitien of a verystet PEG of only two ethylene oxide units em ssrve two pf^trposes. 
Fsrstj It caji serve as a linker tor attaelnvtsnt of targetij^g agents and dyes. Second^ it aids ttt: 
emMlsificatian by acting as both an emidsiitlor aad a steric stabiliser of foimed dropktSs 

Gqt^^ps^sition of FEG-PFPE-am arKi PFFE an^de 1/1.35: 

ttie costsposition of FEQ-PFFEraj^iide !0 mid FFPE i^mide I , with 4 n>ol% of 10, 
was compatf iS to FFPp a:!rii4« I t*fo!?e vwtt% «0ujst^ IjS isv a itiol 

ratio 1:1, lit IX BB^S^foltewingthe §a^^ desc^ifeed #ove for the^fne 

£H3ijt5pO$itior!i:. Data 1^ presented m Pigi^re 8. 

WhsH ii3S was used as emufsifier, the pres^sK^ of pE;O^PFP^ tQ on PFFE 
amide I did ftot have significant etTs^^^ mulslKcation of PFPE 

amide I with L3S gave stgjiiftcajttly lower particle size then PFPi amide i sonieated 'in IM. 
HBSS alone. Ttee findings indicate that the pmsence of h>^irophiiic gmirps surroundtiig 
the. ,PFP.E amide en-siikion droplet promates the «t«yJ.siof5 stabitity. 

Etnuisification with hpids: 
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GatfenlclsiHds GTAB, DDAEj and a si««tral I ipM DM PC were used^a^^ or witi? 
i%rom0'"^ LIS to e«mls5ify FFFEastiidfe L Utese lipids aj^ sEspectes! to impsx)ve|jarts«k 
uplakfe by promoting c«! I mfejiihrane adheTSBce. Lipids witK positive cMtge am teown to 
|>roiiii3fe cell-pastsele iiiteractidnis due to theiiegatH'^ cterge Mtte membraftd; 
f- The addition of lipids required jnodifieation to Hje .soai4at.i0n methods. Lipids as 

solids were first dissolved in m appropriate organic solvent (e..g., chlorofdnn or acetone), 
mixed with PFPE amide 1, and dried into- a thin 81m vstng a stream of argon gas. The film 
was then vortexed with aqyeous ntedia (wster or |X fIBSS bnffer), heated |o 5S-7t) "C fpr^ 
15 minutes, snd vostexed agtdn while eooling t^ foom tsm|X!r#«re. Emel#ons: >yert ih^ia 
10 sonicated to tfecresse the paslick sis^e snd EDI, 

OMFC/PFPB amide 1 errmlsiisn; 

PFPE amide I solutiosn (151 mj^i^^L) its tnfiuofoethandl (200 ity sj^d 0I*4P|3 
solutloit in chldrofbrm (20^^^ fiL), co«t^ifji^| decressiRf <»0eestrati 112 to S 

15 mg/mL, wei'e mixed by vortexiSig (s«s1 dried km & rM« film t!siag arg<)« stream. The fite-s 
was dried unier vactjiim for 30 miiiute^ at roditi tesn^eratisre to rersdve; residual organic 
MfVent, The iihrr was naijied wi^^w mi tomc^A 3 times for 1 5 seeonds, 

dshu<^d with 500 pL of water, a«d sonicated again two times for 30 seconds. Mo Isr ratios 
of PFPE amide I to DMPC were 1:2, .5, 1:1, ivOiS mi 1 :0,25, as shown iri Figure 9.. 

20 All eoiulsioris were elear and they were fcepi at room teoiperaiyre for 24 liours before DLS 
measutements. As the aojoxint of lipid was decreased, the panicle sixe increased and tht; 
polydispei-sity deereased. As opdmal particle mmi 158,5^1,0 nm) imd POI (0, 1 7-0. 1 9) 
wss gehieved tit a mdlBr ratio I PFFE *mide 1 to OMPC, as is shown i?3 pig«fe 10, 

To i^st the Wmct of l>t^t--ede)!^y emdlsifiisatiph m the PWB amide l/ii|)id 

25 ad?iJ;«reSj the same; |«x)Oedd|t:; a Was Msed, alid all mukiisans were spHt i« half Goe 

half was sohi^^-tdedl apd the othet' ludf was itoL The p^irticle sixe decreasi^ sigr^tfleahtly 
%vheri sonioatipn was used, as shpwo: in Figiire 1 i, 

hifrpd«eing a n^^utml lipid did not change the intnnsically rjegative zeta potential of 
the PFPE amide I emulsified in water. The xeta poteniial was als« negative when PFPE 

.K) amide \ was emulsHied with rseutra! Pioronies"^"*' in water or IX ¥{ BSS, The iieutral lipid 
DMPC was ysed as a owdel to test feasibility of mixing PFPE amide I. with lipids, 
CatiooiC: hpsds (GTA8 or DDAB) were then introduced to invgsrigatc reversal of the 
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Begaive z&tt poimtM &f ¥F?E mMs \ f artides ma^e with Flur^mcs"*"^*^ as sh&wst 
Figure 14. 

5 in a round bottom glsss tube, DMPC (IS mg), DDAB (0-8 mg) m4 PFFE amid© .1 

(76 mg) were dissolved in trifluomedssnol (490 jiL), vortex ed and dried inlo a thm film 
using a stream of argon gas, Tlie film was (hen ftirther dried for 1 5 miwutes under vacisurn. 
Water (1 ml.) was added whsle vortexing vigorous!)', asid the emulsion was beated &r:i S 
jiihrates at 60 Eaiph emdslpri was divided m 

1 0 S0Edeated f or 30 seconds at r<s>tn temjperatnrej arid ibe other I &ft untreated at Tii«jrs 
tern|}«mtnrei All $Krn|sl8S w«stf diteed by 1/3 with DLS: rneasyramfeiitl. Tfe 

0iS me«siiF<;rii«a*ts sbow^ ncisd ifor sasiieation m this system te deei-^ase partick 

size and poiytHspersity, Bf^et sosiiieatioo 21) sec) gave a dfsniiatic; r-ed^Qimi in particle 
siziB Md p£}l5^diS;jsersii>t particle siae w&s tbe; smallest wit^ 4*^^ DDAB, a* shb«n m 

15 Figure ! 2. Wben intf odneiiig lipids to PFPE emulsions,: due to dite h igb li|s<^iii^(>feie^^:y of 
FFPE, bigh energy t^iiislfl'da^OR ic&ieiha«^--i»*^'^e&^. Upophobjcity of PFFE also 
espl a? na wby stability of I ipid-cobtainihg emulsidris was lower ilien in emu1si<>its made 
with Piifrcinics^'^ sioi>e.. 

20 G:TA8/i?.FPE amide 1: 

C'TAB and FFPE'Smide I wseredisssolved ibtritiisoroetl-sano! (300 uL) in a royrtd 
botiorn gl asa tube. Argon gas waSs iiilo^n ibto ths twbe tbt^ugb a j>tpette tip unti I a 
bdiT«csg«ii>OHs ©f^wbile film >V^| iJiTiiied^ Ttis tub^ wss ^>onneefe^ l^ast J() 

jittn^tes- Wst^ m#ii«?^ or iX jRB$$ w^r;e lidded >sd^i1^ yorfexlng 

21 vigorspsly at^d Iheriiihe tul?e was^^p^^ at *C fef :1 S mintites, iSaeb 
sample was thep ^oftjeated Ifir 3<5 sec to homogeni;?© fee partieies. The pi^S measuretnents 
showed !to ehas^ge in jjailicis sl^e with ittcfsasing amqi^ssts of CTAB< Ttere wa$ also m 
ehMge la siae when LBS- was used as co-*mtul$il1er, as shown in Figure 13. However, the 
zeta potential did increase with CTAB additioTi, as shrjwn in Figure l4> Tbe percentages 

30 shown are %viih re.spect to the dry material weigjit, 

PFPE arnide l/Foiyethyiamine emulsion by sooicatson; 
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Fo!yet1i^emmi«e (PIl) is a polyamme tra«s&ctjo» &gmi kiiowa m help ©MA, 
RNA and profems esiter itm iMh. Low mdeedar weight PEi (^:;g„ 430 or 800) wss 

s?en«kr uptake of tite ttanoijgrtJclfes. The goa3 was fo mfeo<to<5e a s«f!iijia« ns^thber of fi-ee 
5 amino groups md to keep the particle size and PDI as low as possible, PBI also serves as a 
siirSacteiit due to large number of hydrophilk gm^jps (i.e., pnm&ry amisio groups). 

The primary asnines in polyethylatwne (FBI, average MW ™ 800) interact with 
Mfhly reactive PFPE meihyl ester 39 end po«ps< 5% of PFPE methyl ester 39 mixed 
with PFPE smide I was «se4 fes- emulsslseatloa witfi PEL PEI was dlsselyed iit absatote 

10 etlmj3«)l (100 mg/mL), PFPE m&tfeyl ester 1, 5>9S v;v |5G pLX vvss 

vojiieixed With waJer {4S0iiL) aad FBI ethais^l .^o3tttio« (1 00 \iLX placed oft a ftttovsp M 40 
*C to fsmove ethanol mii&r yacyym, md thmmmcMtS two-tmies fdr 10 sec< Tlte sdliitsoii 
wasJilyted fbur-times to measure Fs^riicle sfe^ as shown in Fipre 15; 

'This was the ilf st PFPE/PEi emuilslott ever p-^ared md PFPE vvas itever beiijf e cost^feiaed 

I S w it h F0l yetiKylemmi iies; Higfei y h ydropy li e PEI serves as M ertlijMfser atti^ves needed 
asftino groups tor ^jpiake* : 

PFFE amide l/PTOtsnrine siulfate nanoparticlss by sonicatioo; 

Protamine sulfate is a common traosfection reagent, and it is higldy biocompatible* 

20: iProtaimitte sulfate is FDA approved .for hutnait use and eliolcally used as m antagonist to 
lse|5aritie. Its l0!iv toxicity nrakes it a desiralsle dehvery rea^tt ibr DI*sA a^d M:MA. 
N&noparticles of PFPE ap)id© 1 mmiulatfed with ptotaMne $o|&te were designed to 
pfc^rsote cdlMar u|>take- For t;aeh tesit is^ Of PFFE dmlde | with pfotajtiii^e sdlfeSe^ 
pFPB#njdd I (SO jiL) yy;as sonicat 10 s^sc srs jil , df dd^^^ 

15 ^sulfate Csaifyji sulfate* OS P) so liJtion; in skater (SfH) Iti?, 0 1<> 2|kRgi^^ t) w^?s added ami 
yo0e?c«:d vigorously 10 sec and diluted 1/5 in 

wafer ipr DtS riieasuremejiLts- Incre^siptg aniousts ("^ w/w) of protamift^^ to an 

iocrease iri particle si?e and zcta poteRti^* as shevyo: in Figures 1 5 and 17. 

30 Pfotandne sul&te coated PFFE arnide IAJ5 err^ulsson; 

PFPE amide ! was emulsified wIjH L35 using sonicatiou, in molsr ratio 1:1 , as 
described sbovcj aud diluted in serum feee media containing low •ceosemmtion of 
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pt&mim tiMkt& (I Ojig/mL). mixture w^ss ittc«ba{ed # «som tempeTStes fer 30 jmn. 
The smalsldTi was sn^lyKe4 by OLSvv^ithoat tbriht^r iislii&ni, as show^ in Fsgwe IS. 
G^^ting: PFFE 8m!# I/L35 efoalss0n <Ji50|)|iets witft prot^ tise drssijlest 

sixc ami FDI bj? 30%, This indfesse isi siiie ItM id6tHsT\$}i&vl *eiT*^its ori o^;llii].ir a|>tiiks of 
5 FFPE/i.35 particles, as discussed below. Coating tImFFPE amsde I/L35 jsaiKsmulslon 
dt'opiels with protamine sulfate increased uptake in jurkat cells several fold (Figure 3$B) 
Without having my negative effects on the cell viability (Figure 35A1, 

Theie is^itial experiments with incorppratisig protamine su| late into the FFPE 
eanoeniiBisioRS serv# m the basis lor the dsssipt ©f hsghly staMs sod v«fy elflcieiitt 
1 U PFPE/FS^/FrotajBi jje StslMte ejBaMsm, In this ne w emuMoo protamine sitliM® was 
iBoorpsrated iRto the naoppatfiicies; at low amooftt; (§;01^l*i4 ww) by 

IS SiHilcation tsi^hodsj are SKJall^^iaie. tesahingin shmli isi^ge parfides (< 

200 nm) Ms! k^FDI f{);1~0J)i5i most ca&es; :m eaitnotb^ osed im 

large scale preparations. Cktf goa.1 wsss m ps^isars batehes of stable et^wlsions for repeated 
eeil lafeeliag aijd MR! imagit^g. .Presented stiidses indicate a clear need for high energy 
rnMhodx, Mlcrofluidizatio:n istilizes high shear forces .Ip d^reas^. ^ve -dfOj^lieit-siize of'^ 

20 isreisared en)nlsi<>ns and ^jxhibued a defeased POL 

Mic*<}|la|di2Sttion oif FFFE amide I /MS : 

Flufooitc'"*' FP is a nontojtiti and ^X>A ^pptoMM mulsitlsn It has beetv approved 
25 m preseoee of egg yolk locithin ibs: ^in ul$j|kation of perfiu^arocarbons in blood syb^ti tutes 
prgfija'ations. F6$ has a hl#i tTstplecislar weight (1400) pnd provide? ^ater stahiiity io 
PFPB nanoemiilsfotis compared ts 135, f 6$ h used as an emaisife Ibr most of the 
examples: ptesented bel<>w osing tysierofiuidizstionj and m some eases in combjnation with 
sotskation, 

30 PfPE amide 1 (ImL) was mixed by vortexing with F68 solution in IX HBSS 

buffer (67mg/KlL, 4mh), followed hy three periods of sdnleation each lasting for one 
niiiiute, where the jnix was cooled t>n ice between the periods Sbr 30 sec, Tr*e emulsion 
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was then dllutesjl to 20 mL m\h IX HBSS and i^assed tferoysgh a miwoBmdmtt (MAIOB 
MicmUmAicSi inc. Newton, MA) at 40 psi working air pjessusei initml smic-Atim 
prodttcecl largis pttifeles (-> MS nm) ami Mge FDl (QA} 4m to low Mergy trasisfer 
«i1lde^0y #OHi 5he tip of th^ large v«j|i«ts<^ (4 ml.) of the pje-©^-?iiNwfi, 

5 The first pas$ tlirough: the microflmsii^er hsd tftfe^:m^ dramatic effect, decreasing psfticle 
size by 100 am, and decreasing the PDt tJuree-toM, Further passages did mi have a 
sigitsfkaM effect <m partscis size, and P.DI stayed constant,, as is shown in Figure 19. 
PFPE amids |/F6g emulsion was monitoj^i by DLS,ic)r one week. It showed no changes 
in pajticlc size and ?DJ over diis jperspd, as is :^pwn in Figure 20. Baitici«? size of PFPE 
1 0 ?i5?^ide l/FP rj)tm>1:luBiy^^ smuisUm %yss cestirmed % efect^oa mkmscQijy (BM), ss is 
slio W0 in Fig«f e 2} , 

Mjcrofkwdigatios of FFPE amiile 1/L35 and FFPfe amide 1/L64r 

FFFE ami^ie I 0yfpl^^lJSS i(9^t.)0r (13J iiL) w^m m^ by wrte^Etng with 
1,1 13.2 mL of I XHBSS ansi passed iltrsugh a micn>iuidi2eir 2 times at 40 :psj workinf 

l>ressurfc. The sjistiisiofts wc*e vonex-di agai% seaie4 tsr mMatJiers asil Mored at room 

temp«mtB3^ fer Ibnir dsys prior the ilM OLS jneasumnentSi 

The cnuibson sediinentcd slowly hut homogenized quickly by simple shaking. No 

oil separation was observed during the follow-up. Particle size and PDi stayed constant 
W over six \veeks cf testing, as is shown in Figure 22. When the PFPE amide I without 

Plufonics'''*' was microffuidixed, the emulsion had the same particle ..^ixe, b«t it degraded 

mid oil drops formed in only two days. It was clear that a. small, atnount of Fluronics'^^'^ was 

neeesSary to ke«p the drbplets oFFFFE amidfe I i'mm cbalesoing, Tl^e Biolar ratio isfPFFE 

aiYiide I to Ptoroftics^*' was lOOrL 

25 

MicrofiujdiSKalipn of FFPl lunide l/F6|l Willi P£| 

Poiyethy^enimtniB (P£l, MW-430) was t^ot coupledl ditiscUy to PFPE, hut 
iacorporated into th^ eitidtsson dunhg prooessirsg to coat the particles with pdmary and 
secondary amine groups that are knpwo to jsromote cellular uptake, FFFE diethyi amide I 

30 (10% w/w) was emolsslied with FS8 in water by :t«lofofluidization, FFPB-dietbyl amide I 
(r.S2g,: ImL) and F68 solution (0.68 rnL, lOOmg/mL in water) were mixed, vortexed in 
water (6,?mL): and th-en processed using an Ultmturas device ( Fclioiatv Cincioosti, Old) for 
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S miii at toom tempes-amre. PE! |M55>-430| a^fction (0,52 mtj lOOmg/mL in water) and 
6,7 mi; of ivater w&v^ addedj and iht sjiiuislon was vt>!i:eMd ftn high 2 mln, Th® pre- 
em«l$3# wa^ passed thmu^t the misyj-pflMidj^s^f cHsmber was chilfed 

Oit ke. The pmcesslrig inekded two sei^u&ntkl passes &t b SO |>$3 Wi>rking pressw-fe. A 
5 control emulsioo (FFPE-'cii ethyl amide/F6S) was pi'ep&red the same way without the PEI 
solution. Pariicle si'^e was 200 mn on average and the PDl ranged form 0.1 •■0.2, The 
presence of . PEI did nol affect the particle size. Stability was. tested si 4, 25 and 3?"'C for 
three weeks tJsiBg DLS measurements,. I'he PjRI?E/F§8 emulsion w.as stahle at 37*C for at 
least two weeks and tlis PFFM^68/PEI emubb^ wss stable fer at least three weeks 
10 (FigiSTie 21); tWs des^s represgM sei^uential measweMent$ of particie; sixe at dillefeiil; 
t0RT|;Kjjratm'$< Th« eirtyiisfens vnu&^imM at theonglml ccmcentmtscn ^ind difeted lOfold 
isrior to each DLS; measxiremem. i% sspiftcant ctoges in F0I were ohserx'-ed. These two 
emidslotis W€3:e compa^^ tit uptake expmmeMs iiss^ .h^rkat cells, and a siiiiiiicaM 
increase in uptake was nBserved when Ffel w^s pi'esesitj as shdwft in Figwe 4 1 , 

IS 

PFPB^oxide /F6S/FES 

:PFP'B~054idS: < I a) is ah analogue of PFPE that has s>o hy<lK>oarhotii end :|n>ups aad 
has lower average nsolecakr weiglit (MW~'I300), FFPE-oxide is a mixture of polyraers 
cttstorri synthesized by direct tinorinatioh of PEG-OH (Exfluor, Roundrock,. TX), and its 

20 nymn peak at -91 .6ppm corresponds to M Buorine spins. FFPE^oxide emublfies similarly 
to PFFE-diey\yi amide using microhuidization witb. F6|:, as shown iP Fi|prc 24A.. 
Th<^^|pre, PFI'E- oxide can r^lace PFPE diethyl amide }p cei| labeliitg applieatioHS whei^ 
lUrther isCHyugatJM of FFPE to tarpting i^geats Of lluoseseesit dyes is not reciidr^sd, 
Fiird5ermoj:e, PFPE^oxide la has vei-y similar physical ^Jropes^ties to PFPE amide |, and 

2B was ysed hte^ded w ith FpPE amide i E;B;R4 (Huorescent hiended PFpE amides) i n the 
preparation of m>ys1 bkpded PFPE mi nanoemytMons, llis FFPE hfending sapahsllties 
Opened new ayenue fer pano^wbion preparations and resuhed in highly stable 
fluQresceni ttnd noft OjioresceDt P FPE nanoemulsions, 

30 FFPF-oside (1 .7g, IpiL), F68 (6Snig) and PEI (52mg) were emulsified in water 

(l4mL) by passage tlirough a snicrotluidizer twice under SO pss pressure. A -second 
emulsion was prepared in the using I mLof PFFE-dlethyl amide^ and both Cfnulslons were 
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&0T8pai«d PLS measynjme:nts, Paxtkle siis^s, PDI asjd cmints were '«?istuaOy iitentioal 
"(Fl^jt The FFPE'0xkfe/FSS/Fil emubf on showed ejt«e}|«nt stsfejitfyi it was 

m0mfe>r««3 ssver a 2S0 days period by 0LS to ©YayiSte stability; M ikxM diW&mit 
t&mperaiwss, 4, 25 siid 3f ''G, %i PFF8-»S?idfe esa^Mds showed no change in piirtsb!© 
5 si^e at all thxoe tejnperaitjres over this time course, as shown su Figure 24B:. The PFPE- 
0X!de/F6S/PEI is a highly stable emulsion with a very low PDl (<0,1), This; emulsion gave 
a reproducible, dose-depetident uptake in Jurkat cells, m sho^va in. Figure 42, 

I1ie '^F HM'R. spo^tra of tits FFFB diethyl amide and the PFPE-exide emulsions 
were compared (Figure 2S), Tho main PFPE peaks of those two materiaU: are at the same 
1 0 chemical shiH 1-91 .0 ppm), snd tos the FFFE oxy« la ca« be used I # MR! tniagltJg 
mtei^haagesbly with the FFFi-diothyi amides 

Nas^oSirsnMons with Fitrtamine ^ullhte hj* Microfltii^lijsatiott 

15 PFPB amitle ! /F68/pro:tsjm?ne sulfate; 

FEI provides tiMch itiiproved aptake ift «e1b md cajs be ineotpotated directly iato 
tile itahoemitlsioii diifiag the orEmlsifleation proeess by eitber sonicatibB or 
nneroOuidi^atiors, l-lowover this polystnine is not FDA approved for human applicauooa. 
Thetefdre, Protatnine sulfate was intsoduced in the preparation o.f highly stable: 

20 sia^ioemulssoiis hy mscrotluidizstion. Protamine sulMe ss added to the $uriaeta»t (F68); and 
FFPE mixture in the pre-emulslon as m aqaeotss solution, and Incorporated into the 
nanoemulsioft droplets during micfoflhidiEatibft pi^^ The ratio of protamine sulisto 
to PFI?B can vary Ifejis 0^:01%-!% w/w. This kmhiiist of PFPE provides signifleant nptafe 
ih?irease mthot^t; ehanging the sign of aeta potetj iial to po^iti ve; 

25 FFFE ainide and PFPE oxide (la) were oimnlsiflsd by mie^flpdizatioti: wh|j 

prdtamlho sdlfate. The go^l waij to prepare ptMatritne op^ied particles dwlr>g the 
pmees§ing and avoid the ekfra step of coatm the eniiibfon partieies with this iTJaterial 
prior to its ase &r ee^O lab^ltng, PFPE arpide I (3iv4 gj 2 mt) wss mixed by voftexing with 
FiS niL, Idfag/nili i?i water) Si>d protamine stilfate (0.§ snL, 20 rrsgnnt in water, 

30 0,06% w/w to PFPE). Water was added p,mt> and the vodexing was repeated for 1 mfe.. 
The reusainlng water (IS mL) was added antl the emnhaon was vorfesced again, for 30 sec 
prior to microlluidi^ation. The enmision was mierotlusdixesi rising 20- 40 pulses at 80-100 
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psi wmking m pressure {cofrespo«^ing t<j I20S0-I60QQ psS liquy pressisj'el wMle tfie 
|jrd6esM?ig chamber wa^ M^MW M ice. Bach palse aceiS'Mts fbr ons pass ihitsy^j a 

5 PFPE oxide (la)/F6S witltfwUhoM protamine, sulfate; 

Two FFPE-oxide emulsions were prepared, mth and vvithoui protamine sulfate. The 
emulsions were prepared in a similar manner as described above for PFFE anride. PFFE 
tjxide la (4mL) was added to a SOsbL tube along with F6S solution (2,?2mL) and the 
mixt«r« vortexed on Mghes^ speed, isr I minute, Protamme Siii tate solnticM {I mL) was 

ill thm added aj>d mijitqre vatt^^ a^ain on Mghsst speed for 1 minute, if sie pmtamine 
sulfate \vgv«5 added, ImL x>f deiemi^ed wate was added at this step- l^ext, | 2mL water 
wa^i add<?d aad ibe soliition was vort^^ed agaid on highest speed for I minnfc. The 
emwimon was tites transfered itito tbe sjuiiplijig cbamh«r of tbe Mierotltiidissetj pressed 
With tite pkmgefj aiid the plnhger was held tight whiles p^lsini exactly 4f) tim-^ at tbe air 

13 pressure 0f Sd-^S^Si, At pttlse nuitibet 40 ih^e jjradiuet was released. At this srnail scale 
there was dlea^ volume in the lines ahd proeessisiig ehamber- 5mL of water m'as addfed and 
the left over product was slowly 0«sh«^ <>ut. The vPfame was adjusted with 2|5:m I, water at 
the end if necessary. This, method was used for the IDOmL scale, where lbyr35mL hatches 
were combined at the end. The batches wet« tlUered Jmmcdiately th.roagh Syringe Filter 

2:0 with .a 0.2um PTFE nrerntaraae from Fall Life Sciences withous preireaimeru. The shelf life 
for FFPB''Oxide/F68 ij^rioemajsiosj m4 FFPE^oxIde/F^S/Protamine Sulfate «anoerftulsk>n 
i§ shown in Figisre 34. 0ata ii^presebtis ihe diam^iter and polydispersity tneasured by DLS 
atibree different temporatyrss, ats previdysiy described, over i?SQ days, B<M enTuisions 
i^rnssned §tafel# M 4''C. Tte PjBf E-oxide/FSS ssrinisiott began to breiJk doW« # bl^er 

2S tenrpem«re much s#5ier theti PHP^ St^lfe^i Figiires 5HA and 548 

re:Spectiyoly, 

FFFE onide la esmdsifm with pnatasTjine sulfate showed a slgtnflcant increase in yptafee in 
DCs as cernpared to the PI^PE oxide ia/F68 emuls!:ors witboui proianiirie sulfate. Figure 
30 5,^. 

Serum stability testing: 
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Ail iai^ scate prepsratisns of siOTlsto^ iar w ws© work ihou^ ideally 5Js>«t^J^ ^^abHity 
testa t« fj«sence of nutrvsots, cutee me^ rekvsTU sefum eoatent liiese tests are 
cru&M for th© devetopm^nt of non-tdxic M<i stsfefe eiswlsions that gjw repr^^^ 
irtlisble Ml lafceHsig sn v!:tm, BmulssorjS we?e tested measu?ari$«ts iS5 fte pres^^ce 

S of semm and cellular media nutrients at 37 "C, -Bmulsiom were mixed with cell eulture 
o>edis conlaifting S()% FBS .at the odt iabeliag concentration and incubated at '37*C for i, 
3 and 24 h. After each time point emulsions were tested by DLS. In presence of serom, 
fpPE oxide la emulsion was &r mars? ssable |he» PFPE srrtide f enmlsion even Ihougj;}: the 
parti ele sixe and .f Dl were i??itialiy the same, a$ shown; i;w Figure 24 

10 

Masoefiaiiislisiss from *^bks?:d«#- FFFE olis hy mscristlMMIxaiioft at high prmmmng 

AH the emidsion |sF«pa£sdion below tjse two or three FFFE derivatf yes 

(FFPE atnideSs PEG PFPB atntdes or FBFAs), Mended fUrther wsjh FFFE ©xide; la. Il^e 
is addkioti of FFFE Mfde 1 a achieves better serum Md m vivo stahiltty; This relies the 
fket thai l*FFE mixes best with itsdf and ft>nn& its own; fluordearbaft i>il phase. It is also 
important tbat FF^PEs ar^ wImciIi radge from 1 -5-1 ,7 gfml... 

Blended PFPE oil emaissfication was tested first by blending FFPE annde i md 
PFPE 0jdde la into one duorinated oil phase tliat was dien used lidr naaoemulsioo. 
2d: psegaration by rnicrofluidixation. 

The FBFAs with FITC, BODlFy-TR and Alexad4T dyeS;, desi;rlbed ahove, were 
also blended with PFPE o?iide la arjd used for ITuoreseedt nafidehiulsion jprdfifiaratlon by 
njicmflmdization, 

FFPE oils, FBFA or FFPE arnide add PFPE divide ! a were first bleiid^d tdgether by 
21 coi)tinuows vottfesihg o« thsj highest speed fi>r 5 mitvdt<!S, ^p^i by mixtdg witb F^i 
FEI {or protanVine f^lilte) wat^sr soiud^i^i msci^^!u|di2:ed. High inechafikal 

energy applied within the interaiitior* chssmb^r pf the mierofluidizef disperses PFFE 
hydrephdbio oil in wsder md results it! mooodisperse nmoei?juisfom. Non-fluoreseent 
PFFE naRoemulsioas were prepaj^ed by mixing FFPE oxide la ar^d PFPE amide i sd a ratio 
30 9/1 v/v, Fluo.resceot najsoemulsions were pT-epsred from PFPE oxide la and F8PA at 9/1 
v/v ratio. All nanoemulsions were .SUer-sterilized (PTFE filler, pore sixe 0,22 fu:n) and 
stored at 4 until ibr cell lahe|s?ig, A Mlcrdtoidijjer^J jVl UOS (Mieroiluidics, lnc>,: 
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Newton, MA) operating at a BquM pressyr® sf apfK>ximatdy ISMO- 20000 fsJ (SO-100 pi 
wet'king air prsssistre) was iis«d for "dted«d''' PFPE ^ils narsotmulsldn p^eparatioill. PEFE 
oUs |FBP^ 05- PFFE «mide 1 m PFPE oxide la) were mixed fiM witH a eonce^^tmM 
sdltstjoFj of F6B in water (100 mg/tTil,) by vartexing on sp&sd iht l mrnvsim isM ttei 
5 mixed with polyethylenimsne (P£i) solation in water (J 00 .mg/mL) by vostesu-jg for 2 
mStusies, The mixture was diluted to 25 mL with water followed by microfluidixation, 
Afler 20-40 pulses, th© feal naapemukiaa product was dratrsed inuy.-a coileetfos container, 
and sat at f,t, for 20 mipBtes, :folk>wed by stenliM^ psji) iiten The 

ernulsioii waSs stiJted &t 4 will use. 

10 Fligo?«ssce}it bifesdfed FFPE iiaiRoemulsion BODiPy-TR PFPE ^itiitte/'PFPE ostdfe 

1aifF68/PEi Was tp label ^mary T oei^, Fi^»^ 5$ stews ^ontbcal ?«icm|se0|>y of 
l^beM T o^lls, FITC FFPE ^ti^ide/PFPl oxide la/F6S/P;EI nanoemulsiaB was alSo used 
fer eeH iabe^lln^- Fs|pire 58 sbd^s labeied DCi Where green paoreseenee iisdicates 
c^dplasipic Iqealsx^^^^ th^j FITC' FFPE nsno^ssriulsion. in additi^v BODIPy-TR .PFPB 

15 isbekd jurkat ceSfe d^n>ons|Me; ipear c^iri^S^ion be|w#en flito at>d pF INIME 

siguaij Figure :S7. 

BODiPy-TR FFPE sssiKtenuslsbsi! preparsition; 

BODIPy-TR PFFE amsde oil (0.20 mL) and PFPE oxide la (i JO mL) were mixed fi.5St by 

29 vftrtexing 00: high for S Minutes fo aehieye a^ jfinal eoncentrstion of BODIPy-TR dye in the 
blejtded: PFPE eil of 0;*I6 rsiM. Tfee iuarescemiy labeled; PFPF oil was thesj tuixM with 
F68 solution (US mi,, 100 Srng/mL:) iff w^ter arid vortexed Ibf 2 minutes. To this mixture 
Fil solution |l,M tuL^ iOO mg?mL) in water was addsdj. and vo^lexing was repeated for 2 
misiiutes at the higkesjt speed. Water wM added m a Snal volume; isf 25 ml4 sier brief 
vortexingi the; mixture wssfoaded intotbe sample cl^atiiber M theMiefi>fiuid52;er. llie liual 
etntiision was dtaltteti after 20 puls^^^ The prepared rianoejTUdsfob was stored M 4 ^'G until 
use. 

AkX8647 PFPE istnd FITC .PPF.E «s»oeBiuis.io«8 prepsratmus; 

30 Following the same procedure Akx864? FFPE amidu and FCrG FFPE ssuide were used for 
lluore§ceat nanoemulsior? preparatidns. In each ease the Mstte volume of FBPA (0.2my 
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Wsts mmM bfWtiming ¥FBE oxide l a (L8mL> whHe rest 0f pix>feessj% was 
done the same way as fot BODlFjj-TR PPFE amid^e, des-eiril^d above, 

FFPE smids i/PFFE 0xl<le la «ss5oem«lsi«B preparatloosj 

5 Following the same proeediire as ahove P.FPE amide 1 and PFPE oxide la were felersded 
tqgetl^er by voflexing ani th^j \jsed & impulsion prepajatfoa hy xnicrofluidigatlon. 

All "blendeil" FFFH. oil Raiioemislsions, ftyorescent ami ncm f1;«o:re.s<x;nt wtre ^iiid^dity 
tested St three tiea^isssafUfes {4, 2S grid 37 by mos>itonj>g sanoeniulsion droplet 

id djMreter average) apd j>olydispeMtv (toi) QV^r time hy iipiamic Hghl scattering 
(Ot^l mi^yfements. The partscis? size %vm hw^si fm amide l/^FI^E Qxids? I t 
Mended «moem«lstd8, only i 46ftsn, while; the iliioreisee^tt vnersfens regardless of the dye 
CFITCj BDDlPy-TE or Aim^Ml) Shewed iin aver- age dmplet siae !Sd-190tiJTL All 
SffiulsiMs were suem^ and remairied stable ibr at least 3 nioaths at 3'^ 

I S '^C iand at least 6 moMhs at 4 attd 2S sMibiiity |3r^sett«i;s of 

f pPB amide T and FBFA in the Weadigd PFPE oHs used Ibr the§e ertiolssdsN preparatiosis 
and vist«a!ly the same as set^m stability af emwisjoas ps^Jsred mth FFFE oxide l a alojie, 

20 BIssded PI^'FE aih mumtmuUionti prepared hy mkrallMsdsaaliasit v«$b Imeisr FFFE 
Oils and perfi«om~lS-cj^i>wn S «;ther blendes^ tog^the*'' 

A^ d#Mb<^ above, blendj^g FFfH ^d^^ has j>iahy ad>^a«t^ges< PFFE at?> | , FBPA a«d 
PFFE oxide j a stad?lybtei<J with each other snd b#8y^ as ^ dtscreet puofrlri^ted oil phage 

W is tispoenttdsioh prepar^tis^^^ ej^tjisioas are Hghly Mabje and have low avet^ige 

dropiet stee a«d PDL Perfiuoro- 1 S-emwn 5 ether is a highly chemieallv sfable ami 
IsiolOgicslly Inert n^actoeyele with 20 equivalptt fttjorlne nuclei giving sist^gle resonaace 
tl>at ovedaps witli the CFjCFxO repmt s^otmce of the linear FFP^ main peak, at -ll J to 
-921) ppm. This clear oil with^quite similar density to linear PFFE o,x?de la,, sliglHly lowej- 

30 Viscosity. Nanoemulsions tbat are made by blending Hnsar PFPE derivatives (e,g,, FBPAs 
and PFPE amides) with pedluoro- IS-CfOwa 5 ether, which cssmot he forther chemically 
modified and coiritigated, were investigated. This approach pmvides access to fluorescent 



perOywet-l5-sjr<5Wfi 5 ether «a»iitswins/ in certam ej«bo«lsntent% the sTiajdrity tlte 
th# nMO«mulsio« droplet cd^^ drowTi ether as compiired to Inj^&t PFFE 

5 

Qiixk&tfii procedure for bkoded Itpsar -P-BlPE swi cmwn eihsr nan««mulsiyns; 

y«e3T PFFE oik, FBPA PFPE ^»idg-««r-J5FFE OixMe la are tsrstbteided together with 
peTtl«or<j-l 5-crow:ri-5 ether by c^mtmuous vorfexing; the hj^^ sp§^;d lc»r 5 tninwte^, 

10 followed by mixmg witb ssnd FEI (or prntamtse swffMe) water sslutioHS aM then 
mierdiOuMi2;e4 Due to bigh hydFOpltoBkifcj' and li|X>ph<>bkity the liriear st^d msci»cyclie 
Wf t stay t^igethe^r as Me ^tjoitifc^trfe to m-ftm FFFE is #9:1 

to 73:15% Tile linear F:FBE mtro^ flmcffeMlity i&msii^m&i to PHPE em^n 
ether m tMs hlensfed ^sjI that wo«M ofMr^vise be imps)ss^tls^ The samfe approac^B^^c be 

1 5 used to intro(fucc iitK^rese^at td per EaotS- 1 S-erowtj-S ether ato^eiriulsiei^S prepareil 
Wilb HpidSj crsfftsphor oils or dthif ti^es 0f Ionic abd fes^j'^isMicmjrfaetaftts^^ 
^Fhe prfepar&lioii of blended oils ea;>!ly scalable iollowmg the ssstis n^ethodology m 
descidhed above tor FBPA esTjuisions, 

10 of Banoemulssoit prsjpsjred with bJejsded FFPE amide I a?5d Perlluaro-lS- 

jcr»wa ether. FFPE amide J oil (0.20 rat, ].,25% Ww) and Pert1uoro- l5--crown-S ether 
{j,BO ni]L, l:2,7S^^ w/w) w^fe ntfxed by ye?^^ high for S ininalos to achieve 

|$o«iagfPO^us blendl^ of %o oil$. The blsjjded oil was ikm mixsd with F68 solytion ( l,M 
ml, }0Q rng/pjt) irs; water fii^d vortexed ibr ;2 miautes. To this mix ttsre Pi^ytmrjiRe Stilfate 

25 solution it? water (0-53 rsLi l§-7§ JBg/mL) wa$ added, and vortexitJg was repested for 2 
msmJtes at the highij;^st $pe«d< Wat was added to; s fmal velumo of 25 mL; after ferieif 
yotte^siogr the mixture was loaded into the ssmpfo ohainiber of the ml&miyldisjef,^ The 
emulsioo was rniiT^flyidfeed at SO psl wetfksng alir preissure. 11*e filial emulsion was 
drained after 30 poises. The prepared nart^iemolsfen was steri lilted by filtration through a 

30 nylon filter and stos'ed at 4 X until use. Tho partieie ske for this emulsion was I60nm. 
The emolsion remained stiibie at 3? **€ for 3h ih presence of seruns eonfainjBg o-sedsa. The 
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1a/F68?Ps»laftuhe S«l|stfe r0porte4 earlier in this text; 

5 Low eftergy -emulsif Ication examples: 

Previous e.sasnples showed the rseed for high energy when PFPF. amide 1 or FFPE 
oxide <Ia) ss emuisifsed in aqueous media in |}fesejice: of lipids or Piummcs^. In th«se 
e^campfes \vt- show that simple FFFl eml gs"ou|> modifications allow for PFPE 
^mulssfjc^fctiOR witl^out soniciaiioni or mierx^flwidi^gatioov Th^ gm} \m& to <lev<elp|3 PFF'B 
i 6 dmvstives; tlmt pmmot& self-iamiMitcatlon is tM peseiace of: absenoe of ssmilsiiet^s by 
mtmdueisg either ^ijphillc af liydm^ moieties »Aio ths FFFE md ^vipL Dow 
fejvefgy emulsilcation trsethods cM fee e^ily utiMjEi;<! tx>r ferg^^ production jind 
deerfease fhe em«lsifieMioft:jpmeesijin§^'^^ iuch FFPE deHvaiives s^e shown hollow, 

1 5 PFPB-tyr8m5<le W F6B enmlsidh by a thin fiim uletliod: 

FFFE-tyramlde 6 (5€l mg) sod (8.5 mg) y^m& m^&A in trill iJOroethaiwl C 0,5 
mt) and vortexed, 'The solutioji was dried into a thin 11 Im in a round bottom glass tube and 
placed on vacuum for 1,5 mimnes. The film was vortexetl with I mL of water and heated at 
60 for 15 minutes, then cooled to room temperamre while vortexingon higis. Serial 

.20 dilutions were made ranging fbnn Ul to 1/32 in water arid DLS were mesKuremoots 

|?erfbmied. The critical mieell coiicentration (CJM^?) was estimated to he 4.5 sx?g for FPPE 
tyramide 6 in this system:, Iby piqtting tl^e light scattering interssSty atid particle size as a 
f»fi#on of eortcentratiop of PFFE tyramide $ (Fi;gji«xi; 27), The mole mtto of PFFH-^ 
tyssmide i§^F40 was 24:1 , This emplsion mmitm^ fcfy 0tS fssr thi^e wee^ 

25 Mability, The emulsion was kept at room tettiperabre and protected fett li^s a^^^ Tim 
jpartiele sisse and POi staysd eanstatst ioyeis^ii© three wedt p^s^ f igure 2B> 

PFPE (2-l5ydroxyi)ed>yIoxyet1iyl 8mide 2/ F6iS emuisidn; 

PFPE (2-hydroxyl)eihylcsxyethyl amide 2 was investigated as an alternative to the 
30 FFPE-tyraraide derivative. The presence of 2~hYdroxyl)e{hylox-yethyl amide end group 
was to promote PFPE self^emulsification under low energy conditions. It was found that 
this derivative emulsifies readily in water in pressDcs of Pluronics'^-^^ at low temperature. 
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FFPE aiJHde derivative 2 (50 and F6f {8,5 mg) w#e ^issolvetl in fniluofoeifeajtol and 
4riecl JO a fem fife by a g Water or IX MBSS (TiTiX;^ was ^<led wWIe 

vortexfeg, Th^ emufel<p was ft eri split m tWp pasts, wh«rs one past was ij^<;ubatM al 60 
for IS inujutes and the other pm was left at room temiperaiure. Hie effects of buffer and 
5 temperature m smulsificatioii wUh F68 wej-e investigated by DLS measoreniavfe. The 
FFPE amide derivative 2 could not fomi m emulsion wjthout F68 by the applied methods, 
Teaiperatufe had no etiect on particle siae PDI, as shown iii Figure ,29< However, the 
presence of salts in the IX. BBSS bnfe- irscs^ased the particle sii2«. This exa^npk 
illttstrates that the sSritetute Md sf!»i^pOsits<m effects tlie «mulsiieMiO« tjvx^per^^^ 

Id by few energy emtjlsifeation inetbods. emijlsilleation iiicMe, for 

example th# nature »f tlie FFPE eM gronpss {i.:e,, lipOphilie or hydroi>hilfe), the MmkiSefx 
tite external phase, arid the prasenee o buffer, 

C?v#all, Sfinjple gnd etf^tive ehemical stisOfdif^cation^ ^^^^^^ to provide 

ntultiJaiiSieted MRI/MRS cell l^dittg reagehts, PFPE is ishowti to W & v^ts&tiW simmg 

15 Material for a vMety M tiiixmpMi^e^, meiiiding; dual Ihioresossj^t-I SF MRI/MRS reagsatts, 
self deli verihg FFPH nsnopartic3e$i and n^BxtsfjarticJfes/wsth^ M tsptafce in both 

phagocytic .and non-phag»c)^c cell types. PFPF-FBG derivatives can be med- for direct 
iiiieetiott experisy^ejits, where cellular aptske Is not desired -and prolonged circulation 
slabllily is jjeeessary. PFFE-FEl and PFPE-protaohne sslfiste and the like cas5 be tssed ibr 

W efficient <idlU[lar lafeclirsg.. MicxpiiuidsKsiion is a very elfeetive method for PFFE 
nsncparticle preparations, allowipg: Ibr l^rge scale ps^uction: (>IL) of envuisions. The 
emjdsions pmduei^d were highly iStafcle at typical storage temporatures {4 and 25 aixd 
body iernpemture (37 *^C). Simple changs^; in the empisi^jeation process sml sit?iple 
chetttical nio<|tBc#iOn!S of f FPE end grpups ailo^^ fine tuniog of nanopartlcle ptx^er^^^^^ 

2S towards; sp^iflC: eel | types and appllcadons, 

Exaniple- of panoenityfeion prepar^ci with biended PiPA (PiTC or BODIFy-TR 0¥t 
amide) a«d Fei11uoro-"i S-crown ether; 

F8PA (FitO PFFE amide oi- ^ODIFy-TR FFFE ams^e) oil (0.20 mL, 1:25% w/w) 
and Ferfl.aoro-T5<crowft-5- ether (I JO 12^75% w/w) were, mixed first by voriexing on 

30 high for 5 minutes to achieve homogenous blending of the- two oils. The blended oil was 
fheo mixed with F6g solution (1 ,35 mL, 100 mg/taQln water and vortexed for 2 minutes. 
To this mixture I'mtat^une Suifete solation in water {0,53 mL, I S,75 mg-mL) was added. 
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and vt)ft©Ki!ig Wss repeated fm 2 mmMs M highest spfeed^ WMfsr was added to i finsl 
volmne af 25 mLiM^er brief v0rte^ sfsixiwe wasloaded liJiq the sample d^aiillSi^F of 

the microftqidi2;er. The amtilskm was mfc^^ at 80 pgs vs?offess^g air j^ressore; The 

final emulsion was drained sHer JO pulses. The p^pared naaoemukton was sterilized by 
5 fiUration (hnougb a nylon filter and stored at 4 *C un&l use. The particle sis^e for this 
emsilsioji was I'SSsitn snd FDI 0,06. The emulsion, remasned st.a.ble at 37 *C for 3h in the 
presence of .sensm conCainij^g media. The aitmisioji restsained stable at 3? ''C stomge 
iemperatore for 3 months, witljont change m '^im W FPX .L^abeliog efficiency of mn- 
phagoeitic mlh i9h^ .fat gitoms cell lln^) was the smW as fer FFFl 05«.ide 
10 [a/F68./F*rOlamine Sulfate naj^Oeiiiulsson ^MVe. Labeling of nmj-|)hagiicydc 9L cells is 
shown m itguee 6Q> 

Fofmulattons ijrepami ^J^'itb mmes:! Micelle and PFPE by Midtd&ndi'MlOn 

The: loltowing emdlsi^jiis wei^e; destgned io sp0cifically label ma<iy«pisages and 

iS otiset |>hag0cyt3C imtpune ce!^ in viir^ mi4 in vmr. The enriehed FEC5 eonlaining 
ns5hi>esnulsion djfoplet ^snrfeoe pf&vented the hMoentMsiiSii ■uplafeei in cells lacking 
■phagocytic ability. The PEG enriched .vnrface was introduced by two surfactants, well 
known in the art, pluroaic PI 05 and Cremophor El.. The mixed micelle soludon was, 
prepared with PI 05 and Cremophor EL first, and PFPE blended oils incorpoirated into the 

.2:0 micelle by high sheaf Iprees during sinieralluidixatioi-!. The resulting emulsions showed: 
hi#: stability and very speeific labeling actiyity towards RJtW 264, 1 macrophage cell line 

Exatnple of nanoem^laion pit^epaml witb tended; 00A (BO0IFy-TR PFPE anilde) m 
25 PFPE amide 1 and P^llnoro- 1 5 -or owp ether with PEG entiched sutfece: 

Mixed micelle solution was prepared imx in stedk saline solution with i*05 
plursnic a^nd Grsmophor EL at 2/,i w/w ratio, Pluronic PIOS (4g) was dissolved in IStf tnL 
of notnlai sterile sa.llhe solution 03% l^aCI) by stirring slowly at n30t\i tentperatute to a 
final concentration ©f 4% w/v. Cremophor EL fSg) was dissolved in 100 mL of nornsal 
30 sterile saline solution by stirring at room temperature to a final concentration of S% w/v. 
The two solutions were mixed at room temperatttre in I/I v/y ratio in a round bottom flask, 
placed m a water bsteh preheated to 45 **Ci and incuhated while slowly rotating -for 15 



iniristfe^. The s^^lutjori W8$ the» ehiUed ors ice for S-IO minister, Ths jsitissf^^ nit;^# 
jijicelle mluti&n cmtmi^ rtiicepe |)3ftwle;s with average ske of 12 J P0t OJ?< 

This sBixsd mitjellte 

PFPE amide ] or FBFA ^B0prPy~T«. PFPE amide) oil (QM) mU \ 2S% w/w) and 
5 Perfliioro-I S-crown-S ether { I JO mL, i2;7S% w/w) were mixed first by vortexing m high 
for 5 STiifiutes to achieve homogenous hiendiiig of two oils. The bleiided oil was then, 
mixed with 1 1 J mL of mixed mtoeiSle soteson by vortexit^g os liigh speed for 2-3 minutes. 
Sahne soUslion was added (1 1 ,5 j«L); after Msff v<)rtex;i»g, the ?vtixture was loaded' into the 
sample chamber of the mierofluiisissr. Tim fefRXtisiosi was niierd^l widixed at S0 pi w^rfeing 

10 air prmut^e while the pti«essiftg chamher was ehilied on ka/wafer feath. llse imsl 
e®ii1si(jR was dirained afler 30 ftjlsds atid siored at 4 **C luitil use. The avmge dropM sia^^ 
was l3{>-i5d ftm and PDI Oi)Sr0;i/'fhe erntslMdm were siafisle M 37 f6r up to ;24k ia 
ipffesshee of smit^i dontaimng nierlia. Shelf hfe fetaMlity tests; showed the si^e and PDI 
Maahl UftcbMg«d for 3 months at 4 % storage tem^^^ emdIsiMs ivere usied to 

15 label RAW 264,1 ceils {mt maer^sphsge derived cell Ihie) i:n vsh^ by 24h co-incabatloa 
with oeii viabslity at 80% or higher, The dose depesdeflt 1sbdihg:of Ri*iW 264,1 Mis with 
B0DIPy-TK FFPB amide P 1 05/Cremophor BL emulsion; is shown m Figure 61, .Fluorine 
NM,Rspectn5m of labeled ceUs is shown in figure 62. 

The two presented examples of PFPE/P 1 05/Cremophor EL emiilsions did not label 

2D pen~phagocitic ceils, ar^d §.pecifieai|.y lapeled njscrophages (data not shown). This was doe 
to high density of FE0 j?iosioi«e^ surfece that stedcaUy inindered the ceil 

m^mbrape and nanpesTiulsspa dr5>plet ipteraetiOH. Dpe to this, steric hindeten&e, the cell 
hibeiing of rpas^rophage^;: takes 24 whieh is longer thea in earlier p^essented examples, 

25 ixampk nanoemufeton prepared wf th Cpmpo«nd 42 : 

Mixed micelle s«btiop wss pt^pared as folJ®ws; FbrottiC: FIGS |5g) was dissolved 
sp KX) OV.L water by stirring slowly al; r»qm temp^ratpre for a frnal concentration oi § % 
w/v. CremophOf' iL ($g) was dissolved in 100 mL water by stirring m room tsmperattjfe 
for a fmal concentration of 5 % w/y. The: two setetions were mixed at room temperature in 

30 1/1 v/v ratio "in a round bottom flask, placed in a water bath preheated to 45 and 
incubated W'hile slowiy rotating for 20 mhiutes. solof ion was then chilled oo ice for 5- 
iS nhnuteSj and stoi'ed at roorn temperature untd use. The titial concentratfon of mixed 
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spiceMe sorption w^ss 5S w/y, wliere 2 J% was Fl OS ami 2.5% Wv ws^s Cseincsp^dr 
Bl^ present in Mi w/w ratlo/'llie jtiixed ssj;!^^ was psed Jbr compo%d 41 

nsnoemufsion prepamtiom by spriicatfeij, 

.All fianoefiiolssons were preparai by sorjsca?.k>n during which compound 42 was 

5 loaded into the core of mixed micelle. The jsmount of surfactants necessary for oprimal eell 
labeling was opdmisied, A series of 'nauoemubioas were prepared as sbovva in Table I. 
.Briefiyj conipouiid 42, w.h.ich is;; a eiear colodess oil keax'ser then water, was added to the 
soaicaiion tube first, follidwii^ by vm&H amounts ef mieeile soluton a^d wafef> vostcxed 
IjrieHy and tea sftaieateS at room terriperatarOi TM ajtJOaM of feOrocat-boii was kopt 

10 isonsttnt at 223%^ whife the amoMts of CTsmofSho shd plaronifi PiQS were varied 

fi&m 4% iv/v, as iii ejiiiilsjoa Al, td 1% in mmMon AA^ As shown in Table 1, as the 

atvioiint of surtactant increased the drdpM sfee of the naaoeisaiislions decreased, 

Tabie !. Mimoeirjivbion ccn«:po&ifibns iprOparM with Mxed msdolk sobtion a«d 
sontpoMHd 42 

IS 



:Marso- 




1 sSresYiophor 
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Size 
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CretiRophor 
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(uL) 
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1 bO.2 
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lh.L.5 
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~o.,rr ' 


-6 65 



3, Cell labelhsg exper3i«e«ts with Il«0f«sice5it S5«j»*0si«r«s£e$3t FFFE 

Ceillsfeeling usiftg tke min0es««lsjos)s was demo^m^ b&th lihagocytjc cells, ming 
8 ietilvskin d^rive^ nKXisje DG lins, attd m po«-phageeytfc cells, ineiuding prirnary T cells 
and Jwkal: eeOs, In all cell types stoditeiij suliabte levels of emiilsioa «f)take^ fe^^ in viv0 
%$ MM >10^-if were gdble^ed in a modest 3 Itour iocnijation period, fotraeellalar 
locall2;ation :ef the nanoparticl^s was vssuallsiecl osmg fluorescerice micr»seopy> Cellular 



uptake of pteaemyMion <Jr<Spl^s was •c^uantjied psing flu<)ifs(;enfee p^easufej« fey 
HMIt spectfos<^py pellets. UpU-jke was testM KMR/%#ere ihe 

PFPE labeled c«!ls sftow a msiof pe?ik at -91,58 ppm; the -M,?^ p|>m peak is Bx^its 
refereiice adik'd to lysed cell pellet. T'lu? integrated areas under Ihese hvo peak.'S cao be 
5. used to calculate Ihe mc^n ''^F/ceil (see Experimental), often rangiiig from lO'^-lO'"*, The 
saj»s apprpac-h wjts im4: ipr w»\mtv9^ ^ij^alci^ -m Ml c^ll types tested, 

Ceil si^mbes: and viabOftv- 

Cell '^iabilit;^? after FFFE Isifeelbg dep^ftd «rt a^^^^ f&t example 

10 tb&M may ihcittde; the FFPE desrivative usM^ the surfaciabSs us^^d for emulsion 
prep#atiotis iht pt^smc^ 6f Hp t ds, the pMkie sfesi the serum stsbili i>* o f the emulsfeit ami 
the vvasljiitg eflicseheyi In vittP as^ay^ for cssU sumbe;f SJtd viabOity of tlucyt^earboh- 
labeled cells are widely knosvn in the art, 

}n the ifexamifles giyen b&lowv cdlul^^ the tx^mrrjereiM 

IS assay Cell Titer Olo (Prohiega). Th^ asissy implerhentaiiisri is ea$y sM highly reprodudhlgx 
^ correlation ctiiVe wiss coiMNetsd for each la&ellfig expenstiept at the day of experm^cnt 
using the same cell culture.. When testiog the viahillty post- labeling, a m-isil ssmple (50 
pL) was taken from labeled cell suspension and nn.sed with Cell Titer Gb reagstji in 
pipliieate, l:.uniinescsn,£;e was measured withm 10 minutes and the viable cell rtumber was 

20 estirnatei frorft a linear eorrebtioa cprve prepared mi the day of experimsnt 

T<5;Kicity aml.^eruni instahtliiy are oflert key sereenipg criteria for newfy develtsped 
P^FFH Ibnnulations, m addition to gcmd t%3 profiles (i;e., ;Smali particle; size and lov^ 
f*||I)> The PI^FgiCri^B/L3 J emulsien was: aivesample where; hi# toxicity sk!:ppecf^^^& 
dewlopnient: The taxicity came frotn CT,AB pdmanly, evsii at the lowest doses, where 

2S cells detached ppstilabelt^g: within one hofir, The entMls^nn ilose thait was safe was too tew 
t© provide useftsl labeling. 

and l*FFE/F6B combttJStions w«re examples of tiseftsi ibrmjibtsons for 
eel! labeling, Piuromc.^^*-' 135 at^d F68 were non-toxle when admmistered to cells alone, 
Vsrious PFPE derivatives %vere tested for etfidency of cell labeling with L3S or F6S 

30 Pluronics'^'^'^ with asid witbout polyamines, FEl or protamine sulfate. 

PFPE labeled cells were tested Ibr long tmrx viability in xniro by replatirtg labeled 
cells in 96 well plates at the same density a.s nntr«sted contr«is and following them over 
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d85?s hy t^stmg thm viability by Cell TMer <3lo mc}} My. ©cowlh cui^es w«s 
coRstocted, Labeled and poa-l^feefel cells had fee sjime gn>>vth prAfilej cosiinritlng 

FFFE label wa$ 80ft-k>X:ic, Figure 57 sbGw$ growth of Jurk labeled with several 

dilTerent FFFE fommlatiDes jneasured by Cell Titer: Qio aiid perfomaed in tripHcat-e. 
5 3.1. f FPE Lab«irig e>f Attached Cells 

Labeling mouse 'deBdritjc odis was.- ^^rfbmied aecordift-g to published methods 
with msHor modiikatioas'*, Dendritic cells were plated in 6- well plates, l-2x iQ*/well- aftd 
allowed to attaeb o¥«!rnight. A FFPE dMhyl amide I/L3S emnlsiosi was mixed with 0.3 
mL <)f seitsmiree nie^ia,^ fW 30 Ma at rodm temper atti^^^ thets added to fe§ 

ID <^M: Aftfet- a 3 h incubatiojs iit 37 fis cell 3^ihe!ing medhjm was s^^md^ed esjlls w#e 
vsfaj^fed dirse dimes with iK FBSi dets&bed by tfyp^intxlttioni wksli£;di arid iresulpe^ 

vnL of POiftpl<^e media qo^^tainfeg 10% PBS, A; portion of iliie cell stsis^siois (M^^ 
PfBs m&d for ceil member «;s|imate§ !*y Cell Tslcf Olo- 'tiit dell-^ were pe|leS:cd\ aitad 
fMUi^pended itvfivl mL of medk fer '^F NMR mea&ijremoM^ to asse^ tije c^sll Ipadnig, 

i| 

W^B uptake measurement by '^F NMR: 

Wi^ea dendntk; cells were used, the cell suapenaion (0,] mL) was s'nixed with 100 
n\ of \% IT A soiOiioa m glycerol as a calibrated I9F reference. The two solutions wexe 
jni.xed well and traBSterred into a 5 mm.MMR Urbe. Cell... yptakc was calculated from: the 
20 r^lahve aj:egs under tlie peak at -91.5 ppm (PFPfe maip peak) and the TFA intestial 
stamisfd peak at ppm, CeiltJlar apiake (i.e.j the paratpeter Fc) WM caleoiated as the 
n^eaP ritimbss' of fTuonne sfc>ms p^^ 

Uptake of I'FFi^i*! umm c^^ emtslsion s ; 
25 ExM^pl es «f how di i"lerent FF iPE den vath'es attect eell uptake: wlien fPtrtTalated tM 

mxm '^&y^ ^^i&i:A^ n:^mftl in Figure v52B, For ^asnplej modjiication of PFPE ester to 
iiotthydroiigable ai^iSdes (mdristelmo or dietKyteide) elearly improved ^<ith eelliilar 
(iptafee ai)d wasieiss toxic thOtt the PFPE'<estef'/L3$ emulssOfi. 

30 Uptake of FPPE tacillMed by protamine sulfate in phagocytic cells; 

To tlMtbcf improve yptafee in dendritifi; cells we used protandm .sdlfete, Pmtsmine 
suliat« solmion wss rni?<,ed witb prepared emulslop diluted in serum li«e media. Alter a 30 
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tmn. mcixbrnmn sit m>m te!mp«mtart\ the mils \vwe treated tvjtlt ihm mixtum for &f§-e 
h&ms. Whea protamine sui&ie wm sMei to iiiMM &rmkmm^ ihWiimiiHim p'^nich mm 
iftCfsased slightly (Figure 1 8), but thfe presence of the positively djsrgesl^a^^^^ Oft 
fhe <iro|5fet surface faallMesd celluias^ «ptafc<Sv Botl^ PFPE a^iii&'OS ahd EOBIFy-PFFE 
5 araids/L35 pulsion uptake was invpro-vM sev«i1 fold when protamme sulfate was used, 
as shown m Figure 33, Cell viability was excellent and no sTtoiphological change m labeled 
v«rst3s «0n4abdsKl cells was observssl ky iiglu mierpscopj?. 

FFFB-tjTamide facilitated uptake: 

iO WWB4^mmM i& a iMvel I^FPE deriyadve deslgjiesi h promofc ceUwlar pptake. 

FFFE-tj^rsitHde «ss>ulsi|ies esiisily wl&^E^^ u&rng the low e^^^'gy m«t:ho4s desen 
FFPE tyramide was noi^^tpxic over various doses md th^ -^F I^Mfeatea&ar*^ uptalse 
Sshowed a lipear dose depeiRdence 8S shown In Fiigure $4. tlptstk« was 

c^mparaMie to the cieil Jjtbelmg; expodm^ were facilitated witJj protan^lne suffee. 

1 S $ is the fs FSt PFFE jd:efi vatiye <^esig«ed to Be sielf-ciel ivorghle Into target oells fey P FI*E- 
fisjitfugatidjv to a staaSI molecule- PFPE-tyfatvide also serves as a platio«5S for ttiany 
additidftal eossjagatido ibrsKolatJotJs whfere PFPE Oiisv be targeted to sped lie cell tvpes i:n 
culture or xn the body by small moleeales md peptides and shows the feasibility of PIFB 
targeting. 

20 

4. PFFE Isbellug of cells In sssspenslosj 

PFPE aiBsde I and PFPE oxide la emulsiods wss^; osed to label cells in sospensidiv. 
Tlrese eitsolslons showed a do&e dependetit laWidg as mej^sured l3y '''F NI^E. For 
essjm^ple- jjiosi imsiiiane cblls wlietj eultdred m ^k^^ ip s^Bspohsmiit For sdce#^ c^M 

2| IsheHt^g in sysperi^ioii. psrtifela po! j^ispprslty is mtiosii Cells are mxkd with emisliSion 
di56p|etSi arid whpn tN si^o POI ai^ sirjaO,, tho Jtii;sing is liCjipogenQus which itcsiii^tes 
yniferttv e^Oolar lafeelihg; PF^?B aitiide 1 and BFPE oxide la ep?u!$ipns prepared fey 
m ierofl uidsKaii ou satisfies^ these cnteria, 

30 iurkatCells; 

iiirkat cells (ATCC, Manassas, VA) wers used as a nicjrdel cell lm« to evaluate 
Ouorocasboo label iog 0f e«!1s m suspeosiofs. Those cells were maiutasued accoKiing to the 



AWGC pr#>coi Tlje stisisencl^ cdls: were l^&^le^ at l-3^l# eeOs/mL In I mL of 20% 
FBS media by i^sisiftg wjlh an epUl^ioss dilution prepared m serum Wee medssv ASer a 3 ft 
mmbmion at 3? the ceils were spun (town at 33.00 rpra asid washsid twice with j««dsa. 

The cells are resospended in 0,5 ,mL of medsa, A ponion of the cell suspension (1/9) was 
,5 nsed for cell, o amber esSimatea hy Gel! Titer Glo. The cell suspension was then spiii down., 
and resu$pe«ded isi 0,2 mL of trypsin solution in FBS, Ineubaied J$t roooi tomperature for 2 
h sod used for '''F NMR measuretrssfjis. The |>'sed.c$!l suspensfon (0.2 mL) was mixed 
with the reference TFi^ solinioa|0>^2$^ W^ tn a 5 mm bIMR tube. 



pdlyfeihyleniMine ( PEP irt m>n~ |ihago€yti& iidk: 

To liJrtbfer is-rji>rove %it3iE<e m mr(^p^k0tp:iG cMIs, f &l was used in PFFE 
Rtl«S5titMdj:z:ed emsMloii prespfsrstjoiss. Small snieiiints: of PHI sddeci to tHe mubiori W8S 
itet eiieagh. to i!^evefse the aeta potefttiM fttm a^gatiVe to postti\*«; th® zfets pd^^^^ was » 

I S :26 ST? V irv prssenee of PEl, 'Th& s?aMe zeti\ pQtmlM is ndt predictive t>f the cell ttptake 
caijacit)' o f the emuMdn; however, the prcisenee of prirriary arhitsesi off the FFP E emulsioji 
diX):plet surface does ajgasficaoUy enhance cell uptake. A ssgnsfcanf cffoef of PBf fJii FFFB 
itptake was observed lo Jurkat cells, as sNovvn h-; Figi«-e 41. PFFE-PEI enudsians showed 
a linear oorrehitioo between i9F/ceH and .labeling .do§e of emMbios in medrps)T witii; m 

20 e^tgellent viafeility;^5rofi|e (Figure 42), 

■feimaj'i' T-celfe:, 

Brims?^< T cells wart- isolated fwm the mouss: aFleerj m de$eribed m 
%^Ot(^)S02'7Bd. Cells were activated fey tt-2 fer 3 days prior to itsomea T 
2S q#$ were lafeeled |ji sus|>ension^ washed thtM tim wilh PBBs ati<l resuspesided fer i W 
NMR measuremeitts, yiaibiltly was assessed by CsU Titer €lo, using a correlation curve 
eonstructesi with ROR-I^bel^d T ««its:. viability of F:FP.E lahebd T eeUs at the time of 
iafeelislg W5SS >61>%, Whett labeled cells were plated snd followed over 48 hv the viability 
was comparafaie io that of the urt-labeled control ceOs. 

30 

S,J. Ctsrrelating flworeseejice to -''F NMR sigiRsi In BOBlFy-FFPE afat£ie/L3S iabcied 
cells 
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The mmi impottrnt was th^; ease of <5ouplij>i; PPREv BOPIPj^fR with primary ^rnii^e 
hsitdUiiS cdmmsreially^a^^^^ (e.g., from Molscpkr Frobtss, Eage«^ ? '^^) pODJf y~ 
TR cadaverine, Cos^pBag of tliis amme to FFFE easy Mp^ BOBIFy^ 
5 TR dye was chosen for its chemical stability and fluorescent properties that allow 
simuitsneous labeling with FltC or RhodawiReidbeM :aoMbmli«s, -sUowfeg pbenoiypic 
■<^nim«atioti Off e^llular type and functisn. 

The- impmved BODIPy-PFFE label was successfahy xmd for T cell md DC 
labeling. Blended BODIFy-PFFE ^mide 1^, P#l mticle I snd PFI?E oxisle la, emulsifed 
W by MicroStii^lzatiofj witit ¥m and FEI show clear; Isttacelfolsr locsBssatioa ib feh DC:s 
T esli^ siler 3 h fRCtiba;ti<>tif Fiigit?6^ 56 sttci 5?<i respectively, 

Mno^iiit^lMs^ ls|»el^ JtirliC^t eelk 

IS 

iarkst cells labeled ^ith BOOIPy-FFPE blended barkjerbals}<>n showed a libear 
correlation between the fluorescence signal and the ''*F NMR-measyred uptake. TMs 
clearly shows that fluorescence measurements of cells labeled with PFPE conjugated to 
Suorescent dye can be osed to estimsie uptake without expensive NMR meastirements, or 

20 serve as a secoEd liKtependem teclmiqtje to conhntt the NMR nieasurments. Uptake 
measured by iltsofcscence and NMR wese cc^nsistent and convparahb CFIgure SB). 

I» pnler to correlate fluoreiscersce and ^^F NMR signal b was assumed that Ihere 
was « Hsiear corrsslatton hehveen iv<^^^s<^s^*^<ie iritensity to cell n timber labeled with 
BQDlf y-FFFB, Ebipreseenee sigssil HiNIR signal vyere normaUxed by the viable cfll 

25 rtufniber. &rrelatbn was linear wilh R^==^0j77:b (Pigures 39 mi M-^. Pkoreseenee 
micn?sc0py ct>sirtrmed eftkient and tthiibr?^ iiiendritie cell labeb?tg with both FITC PFFE 
blemied nanoemtilsion |Figure S&h~B) ati4 BOplPy-PFFE b|sTided Rai'socmplsipn (Figure 
S^C-p). Alsb, a blgh-leyei of ubilbbn Igbebhi was observed when the BODIFy-FppE 
amlde/L35 emulsion was combmed with prbtaisine sulfate (Figtjre 40). In both eases^ the 

30 hanoetmilsiots {(Xiahses in the e>fopla^ai af>d no emiilsion drb^lets %v-'ere observed obtstde the 
eelk Of on the eell surFace. 

d, ilptake (if mmmmUmx prepared with Conspoiissd 42 
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Btrmhi&m of of c«nipo«nii 42 (see Table 1) te-sMi lof cellular uptake ij5 
d^j|£lntJG c<^ls CF?^«?^3) Tl^^ increase j« wt>«# decf08$^:d ffee ^ell t^p^ke; 

U3X>n a 3 hour inteuBatiojs, as me^sureid by '^F NME, The cell viafeilily wa^ undl^stJ\g# 
iftpon exjjosore to ail tested ce^npound 42 mtsnoemulsiops. Nasoe^Aioa A4 wa§ 
5 examine for dose dependent uptake in DCs (Figure 64), 

Nasioeniiikioii A4 was also used to label hems arrow ilerivetl immature mouse 
DCs, Thes«, ceils were mc«bated witij smReemolsion A4 for 4 hours, washed and. the '^F 
NMR spectrum of l<tjeled cells was arsalyzed (Figure 65}.. Labeled cellS: showed re$o«8«ee 
m -715 ppi. wbioh ?s wid^sly separated Smn mmm jeak of FFPE {~9i.6j!|3m), 

ic) 

mCOki*ORATlOM B"^ REI?EREN<SE 

Ail pylslic8&iis arid ijatesits rheiFSfionecl her«?« are h^el>j^inbot|xirat^ hy i^efer^ 
m tit«iif esitiriity 8$ If each mdsvsdual pshlicMtiOrj or patejtt wa^i spefeifically 
IS mdicQted to ht meorporated by rsfbi^nsje^ In -eas^ of cotjfli ct, the prsessstit appli cation, 
iiadisdittg arvy defMidOBS hes-elh, will cohtsoi, 
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4. Sdvulse., et ai,. Ceiiuiar upuike and tmfjicking of a proknvpimi ri-mgnelic iron 
25 &xidg kibel m miro. lovesi m&. iop 0): p. k04>- 1 0. ' 

.1, Moore, A,, R, Weissled^r, and A, Bogdanov, Upiake qfdexU'nn -coated 

m(mocrystaIlim. irm mides in tumor eefh ami macrophage iMRi-Joumal of 
M£sg«edo Eesost« Imsgisrg, 1997, 7(6); p. 1140-1145. 

Weksieder, R et sL. Magfiemcdfyt iitkei&d celi^ can i)e dmeaed imgiffg, 
m JMRI-doumai of MagneOc ResoMnce Imaging, 1997. 7(1): p. 258-263. 

X Schoepf, U,, St d.Jntf'aceUtiiarini^^^^kksUf!^.i>fiymph0C9m fm- in vivo 

trngMing smdii^^ Eiotechoi<it$es, \9m, S4{4); p, 642-+. 
■8.. Ye, Q. , et at. In vivo deieciion of acute mi rena! dhgmfi rejecdon hfMRjMiitf^ 
USPiOpartioies. ^idwy hUeroatiooalj 2002, 61(3); p, ! 1 24- 1 135, 
3S 9, Doussetv ot al.^ vim:Mi^0:xip^^g^:-m:&>^^ imaging in {kecentnd nervom 

sfstem deiecfed by magmiic res&mnc^dM&0\tiic R%^^ t999- 
41(2): p. 329-333, 

1 0; Josephsoil, L,, et aL, Higk-efficimc}' intramliuiar magmtic i^ibeling wiih novd 
mp&^^mindgiistic-'tai p0i0de C0i^ poeosytj^te Clij&nlstry; 1999. t(K2): 
40 p/lSa-ISL 



Ul 



cJ/T ceils lauded with HIV tmmiiCtivator-peptlde'derived Miperpanmiagnetic 
namparMes. Journal of ImmTOotogfeal Methods, 2001. 2S6(I~2); p. 89405. 

5 effldem iabeim ofdendnaccelk 0tm mm MM imping. ^s0i~ Rmm.f4M., 

2003. 46(6); p/i 0064 01 3, 
13. Hoehn, M,, etal, MonUmng &f impimi&d si^^ mil migmiim in vim: J highly 
res&I%'ed in vim m&gmiic resmmcs imagmg mwM^^ qf&tp^rimeni^lMmk^ 
in mi Proceedin gs of National Academy of Sciences 5>f the to]t0d States of 
iO Amesica, 2002, 99(2$): p. i616?462?2- 

irackimmdm€omf^y<>fpm&^^t(^r ^^^^ Mature Biatecbj^obgy, 2000. IS(4); p. 

410-414. 

1 $, 'Kmm,. S-, <£iM>, Macrophage apmmuimm &mi>Ci0fdMtli mi camiac alhgrqfi 
IS r^mim dete&ed by magmiic rmnmm imigii^mik tikmsmaii 

16. Fsshman, J. E., et al, av)^?j-5e??5lBv« ./??F NMR imaging &f ike ymmkirsyslmim 
Magsi Rsison imaging, J 987.: 5(4)- :p, 27<J^g5,: 

m Reson ^fc(^/l9SS. 60): p. 344--52. 

is. IDss-dzii^ski, BJ.X and CJl Sotsk, Rapid iissm oxygen temim mapping using IW 
inmrnm-mmmrv &ch0^piShisr imging ofperflmm-lS-Cf^d^n-^'-etket. MAg^ 

19. Notk, U., et al, Ifi-vivo measurement afpariidloxygen-pressru'e in large vesseB 
25 (iudin ihs reacuiaendo^heUai system mingjmi l9F'Mm. Mago Resosi Med, 1 5^95. 

S&, LutK, J,, ei al., Mmsuremmt of oxygen lemiam in the abdomina! cavity and in dm 
skeleiai rmsck using J9F~MIU ol naai i~'FC divpieis. Oxygen Jxampon to s'isaue 
Xk, im 428: «. 

30 21. Duong, T.Q. antl S G. K'in\ In \nvo MR memuremenii q/'>egiona' uricria! and 

vefwiis blood mlumefnmions in inUic? mt hmn, Magn. Resun, Med,, 2000. 43(3): 
>. 393-402. 

22. McCforon, A.J,, et ai.. Fet^fiuarocurbon disirihmion m liver, hmg and spleen qf 
emulsions ofperfluorotnhuiyiami'ie (PTBA} in pigs and rats and perfluorooctyl 

3S brariiids (FfOB) m rais and dogs by f '-J 9 NMR- specirascopy. Anstkaal Ceils 

Blood Subsiitules and imnjabilixatfon Biotechnology, 1 994. 22(4); p. 1 243- 1 2S0. 

23. NoMi, li., al, Perjlisoro-L'i-i:mwn~5'eiher latKllrd nuu.ri^phnges in adapdve 
irniisfer expcrimenial aitcrgic encepiwiontyeiins. .AslifK:;;^ Cells Blood Subxfitute.s 
and ImiiiobdisatiOfi Biotechsiology, 1997. 25("-?); p. 243-254. 

40 14. Girolomaris, G,, «t al., EsiaMishmeni qfti ceil4ine wiih Jmiures of early dendritic 
ce/l prccmsor^ from /ei&l moiise skiit European Journal of Immunology, 1995. 
25(8); p. 2!. 63-2 1^9. ' 
25. WO20O507278O 

26; Arbab, A.S., et al.. Blood. 2« Aug 1 5; l<M(4);;| 2 1743- 
45 27. Floris S., et a! , Braia 127 (2004), pp. 6 1:6'.27. 

28. OS patent S,9SSJ7( 

29. US patesU apolioation 20(121)1 92^S§ 

30. 'roE5eiU, et si. J. Flyorme Chem. PS (1999), pp. 51-^0. 



162 



i^c^mmmmnm 



ToneliL et ai> J Polym Sci Fart A; Polym C^hem 40 pp, 4266~42SCL 

Tonelli et si. Peril uoropolyether functions! oligomers; unusual reactivity m organic 
ctesists y, j Qiimal of Fluorine Clj«nHstry, Volume I I B, Issues I -2, J I)ecembev 
20Q2, Pages 107^)2! 

Piitcenti and Camai ti , Syritliesis md characterixat ion o f fluoridated pol yethedc 
amides. Journal of PUiorme Chemistryv fiS 0994), pp. 227-235 
A.i5mi& -ET et aL In vivt} imagmg piaifimn fbr imckmg immMm^lhsrapeutic ceils. 

Wsj Shasg and Denrus P. Currm^Synthetic appHcali&ns qf fiimrmm s<iB(i~pheiss 
extrmtims (F-Sff^j Tetratiedroii 62 {2006), p|S, 1 iS37-l 1865 
Jiang Z-X, YB, The desig?^ and sysiihesls of biglil branched aftd splieitcally 

:Eq:uivai,ents 

iS- Wink specific embodiments of the subject inventions, are explicitly disclosed 

therein, the above sps^lpeatiqn is iilastratiye ai5d not restrietiye. Many variations of the 
i:nyej)t!orjs will beeasic appareni: to tb^se iskilled itv the art upop review of this specilieatios 
md itm claiiBs belpw. Tlie full sco|?e of iie jRyentH>ns should be #;l5ern)iBei^ hy refe^nee 
to the daims, along; with their Ml scope of eguiyalents, and the spceigealionj along with 

20 such variations. 
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WE CLAIM: 

1 . A cQmpoypd of <my sme of fermulae 1 , 2, or 6-$: 
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.>f»X AOs, ^' vl ^..-'--^ ,.-N.^ ^..--v, >--Ss ^fiJHj 

"fej' xi t to Y !^ ^7 



A| A 1 

Ff f F 



0> 



(1% 
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J? f i f- f 



H 



' ... ts 



H 



CM), 



If 



V 1 / V 



o 



5! 



m ' M V" J N Yl Y to Y \ a I 



FF=i Ff Jj, © 



31 



tf 71 X t^" 



o 



(143, or 



>-^v L£^v ...-'■'nx iOs . . ••""•s .^H-J v'-'x >-V 



(1?), 



A cf-smp<iim<i of 8J)y sme of formuke IB-1 1 w 40-41 ; 



10 



o 



■in 



o ./ 



1 



W 1 1 7). 



OH 



Lfv Xl X .hC w- a .Jws-..- 



■'4 H H 



OH 



••-'is 



O. jY""' 
I 



-^H? UiOv ^'x! ..^"-^ ;iftJ:f W ...'s^ ^»-SVv ^-V 



o 



independently ft>r each occt«ipenes,:r«;pn?:Sents, an hiteger fem 4 to W> 
4, A uempound of fomuia 26: 



G 



H , 



i^y 'm4(^pmi<^mih ht^^^ represents an |rjt*sge? ihsm:4 fe iS; and 

Dye repiesents a ItuojMeest tietection mokty. 
5. lite eompounid af ckim 4j whes^i^ the <;(>mfK>o«i^ is a C0mpoynd of femttil^ 20; 



Q 



r r 



Cv ^^-K ^^f>U ^-"-^ .,.!s'v^ >-x ..-'^x^ .J 

Ji \ I \ f i 



V / 
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n, indepeni^sn Oy for each occyrrence, repjesersts an integer from- 4 .to i 
Si / \ I V i V H , 

...••"x, i,-0^^ ^-'"v, ^-•■'■■^v iO,, vi-V ^Nv? i---"^,^ .i--"-^^ ^^^!i■•f^ 

H ' H A t I I \ / 

05 independently ffer e^rfvoceatTen^Sj represents sb int8|er li^ri 4 to 16; 
Dyo represents a flaorescest detection snosety. 
7. 'Hje-co-mpouad of claim % wherem compoarsd is a coiBpound of fomjols It: 



wfeerem 

ted^pepdeatlj' fer occurrence* Tqstesei^ts aa iriteger fi'OiTS 4 to 16. 
8 - A compound of ferrtmk 2 8 ; 

0 o i s f ] ^ i= 

wherein 

n, ind^pes^dejrtly fox sach oeeurreaee, l^presef^^:s 8B intisger to a«4 
Dye represent 8 fliioreSeent defeetios? moiely. 
9. .A. compou iiS of fbnnis la 2 9 ; 



T A 



A il \ 



1 



n, imiependentlv for each occurrence, represents integer frc«B 4 to 16; and 

16? 



Dye rej>iresents a f!t5oresce?nt detector? mokiy.; 
>'-'-N. lOs, ...A.^ ^-Nv^ v^H.,--^ 



si, independently for each occurreneej fepj^'senls^^s^^ integer fern 4 to I 
I L A compound of ibrrnuUi 30: 

.-■■■■"■v^ i'Ov.^ ■■As. ^'-'^^v 

H ' ' ii /U A ! is \ )» 

%v,hief<;it> 

iniSependeMly tor each occyrrenct^ r^^ an istegef from 4 to t S; astd 
12. The ooin^isund «f m 1 1 , wfeeM tbe- eciMipoif «jd :S c6s»(p<}Uiftd of featila S4; 



1 i. .1^ 



5 

where-in 

n, independsntly '^r''eac^:'QC^urn^^'.'reftr«^t;$'.jS^ integer fe>m 4 to 16, 
13, A cfi>mpo«r5d of forniula 3 1; 



wnerem 



instepenapjMy for each oecsinmee, represeiits a« 5«tepr ti om 4 U> Ur, -md 
Dye rqireseijSs a fluorescent detection moiety, 
4, 'Jlse coffiposjmi of claim 13. wherein Jhe compoosj^ is a lijomiJOHnd o^ibm^ 25 : 



,.::^^'^■i,>'^S<5s' 



4 



\ > — /:< 



15, A i?o*np«>iiirid 0f aiiy one of iferjnuke 32-37; 



H 



.."^x 4^v. ...••■H v-'-'-V .'■-^^^ - 

N Vi V |0 V t-- 



H 

/ Si 



t-Ov. 



2.: ^ 



Ff-1 FF O 



O 



.'-^"X i-'^^v ^-'^ A^-^ ^-^ 

3- L 



T 



R fI 

O-x ■ H ..'-^N^ y-Pi-l ^..'X --^iv. >,0v» 



0 
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-.•■'•^^ i'tK ^"i-^ .'•^'•x^ iO's ^'^i^ >^'^^ 

H ' ' H t\ I f-:\ ■ S! \ / 



.-'■■"^v, t-'^-'-N ..-■•"'X 

■ H H A 

U FFi 



X F r r 



n, independefttiy for each occurrence^ represesus an integer from 4 to 16; and 
5 Dys;, intiepmdeBtiy for each oociBTencCj reptescnus a ilmrcscerit detectjors sisosety, 

1 6, A cos«p0sitioi> compmidf a compcwnd of formula 1 0 and a comjSoisnd of formuk 1, 

1 7 , A cosnpMitba comlsrising a C0m|40und of tbrmuls 12 s«d s cstmpomid of fbmiak t 

18, A CO ittpdsition coMpijiMng a coJttpo udd of fbnwula 1 4 asd a cdiitpiound »!■ fcsmuk 1 . 
i A cdm|>dsi{io» coinprisiing a eo«i|5t>udd of formula 1 6 snd a c^smpound fbmj uls } . 

10 lOi A Cdmposj&ri ciompHsittg a comjxmnd of ^ml a compoufi^d df^fottmils t . 

21. A ajmpositto ccsmpd^imd of fbmtula 10 a tx>mpcsuiid of fermida 

22> A coii^pbsstiCifi; compnsB^g a cdmpoidRd cif ifonw^la I Os a sj05B|siouRii of 
and a coiniKsydd dlvf^rmuls L 

21, A cdimposdior} ef>m|Ms;$hg a (compound <>f|brmuk 1 1 and a compound of fbrmul a 21. 
IS; 34, A composition comprj<5ing a compptod W fonnuia 1 1 and a compound of formiila 22, 

25, A composition comprising a compotind of Ibrmula 12 and a compoui>d of formula 23.». 

26, A con'ipcssition vonipfising a coi^^p«^uad of fiarm^k 1 2, a compound of ft>rmuk 23, 
and a: oompoypd of fortpala \ . 

27> A composition comprigiug a compound of fermul^ 13 and a oompo^tsd of fomusia 24. 
20 2S, A cpmposstisfn eojpp^siiug a coriipound of fon^uia 13 sn4 a eompo«nd pf fonrvula SSv 

29, A compo^sitlittn eopiisrisiiig a <soimpoursd of aad a compound of fotpula 26, 

30, A oomposs lion CQmpnsi «g a compound of fdfwola 1 0, a o<>mpdutjd of fomiub 26, 
aftd a compound of fonBula I, 

31, composition comprfSfBg a compot5t^<i of fomiuk I i and a compotind of formula 27. 
2S 32, A cosBposltioft eomprisifif a compoo«d of 1 1 and a compoasjd of fbimula 28, 

,33 . .4 eoiRlpo,s5tioo cOniptising a compoot?d of forrnul a f 2 and a compotJnd of foTOola 2% 
34. A composition comprfsis% a compoimd of fomsula 12, a compound of tbritiula 29, 
and a conipouad of ibrmula I, 



35, A cctmposiiioo ccfmprssing a mropoismlof foniiuls 13 and a conipoumi of fbmvula 30. 
3^. A ?;<>rn|>osijiofi co«^priS?ng st eompound of formula 1 3 and a qcsmpoi-md of fbnmsia 3 1 . 

A mm^mition mmpnsing u i^ompomd ofibmmi^ lQ <mi a eompouud of fdmiula 32, 
SB. A c<>mpositjoj{ eosTspfi^iliigg! mmpc^ of fensula 10, a «ompo«rjd! of feirntula 32, 
5 mi a conjpoisnc! of fornials 1 . 

39. A mmpsyBi ikm eompHsing a soittpound of foimwla i I und a comp<>«n4 of fomvuia 3 3 , 
40> A mmpmiimn compnslhg a ^ompmsnd of fdimml^ 1 1 md a compimA of forsjiyls 34. 

41 , tx)s«p0sitlon eo«5|>dslH|; a coin|joond of fhm^tiM 12 4 eomis^isnd of famiala 35. 

42 , A c-oiwpo&itlon eomjimmg a comptjvinii of fonBtsM }:2^ st mmpimM of feitnula 35. 
10 a <>0:m|K>«nid *>f Ibmswla: 1 . 

43, A .composition comprising a compoaad of fonnisia 1 3 and a compound of formula 56. 

44, A composilion comprising a compound of fbnnula 13 and a compound of fomvula 37. 

45, A. compcsiiion compnsing one or more comjiOUiKi of any one of dasmx l- i I aj?il ;a 
epmpoimd l>f toftnula 1 



p represents ah intsiggrift^ 8 to I3| 
Rfis CFi and CF^CFj in afatio ofSlL 

46, 'rhfi composiUon of claim 45, wherein the composition coniprises 80-95:% v/y of the 
20 compound of fbnruiia la, 

47. A composi tion coniprss^fig on^i or !rto» conippuod of any oaf of claims I ■■ 1 5 arjd 
perflooro- 1 S-crowp-^ ethor, 

4g . Tho opff?position of claim 47, whgrei n the compos ition compri ses 80-^5% v/ v of 
pcrfluorO" 1 5-cmwn-5 efeer . 
25 4k A cotBpoand of tbrmuk: 




PFFE oxid^, la 




0^3 



50-, An emulsion comprising a conipouod of any one of claims J -1 5 or 49 or a 
composiiion of aoy one of claims l4-48> 



ni 



51, The emulsion of cteim SO, ftsrther c<>!«prising a block eopolymsr, 

52, The e:m«i$k>u »f claim 51 , vvhereh} thf block copolyrner is a polyCethykne cixide}« 
poiy(|5r<>|>ylen«s 0xids)~po (PEO~FFO-PEO) M'l'^bkJt-k QopolyissF with 
average molecular wesi^t of 1^0% 290(i or S4(J0. 

5 53. The emukfoTj of dasftj SO, ftirther corftprisittg a Vipld, 

55, The emuisidri <>f 54, fyrthei' compm^^ s bl<>ck cdpdl>'5T>efi 

$6, The emulsion <jf thm SS, wherein the bl<J:ek c^>i3€>iyiisfer i# a poly{eth|^6he OK:id^J- 

polyCpropylene oxide)~poly(ethyl^f5ed^^ (FE<3^rjPP0~FEO) tn-btek copolymw Vs'slih ^j? 

10 average molecular weight of S 900, 

57, The ejnuhion of claim 50, further eornprishig polyethyhisrune, 

5i. The emufsiou of claim SO, hirther comprising protamine sulfaie. 

5!?. "T he emuisiosi of clain) 58, forther comprising a bloek cpppl>!mer. 

6:0, The enuilsion of elassj) 59, wberesn the block copolytner is a poly{ethy!eoe oxids?)^ 

i 5 |>oly(p?qipyteae <>xy e)-pctly(eihyiene pxid e) (F;E0^1*P0-FEQ|:; tri-blii>©k cppplyisier with an 
sves^e molecular weiight isf 

61 . The ersufeioit of ekiBj 50^ whereiti tbe emuMori hs& a mssaft pattick sixe of less tfem 
200 nM'm diameter, 

The emuMiOit of alsmi SC), whsmirt thc^emulsioti |$ st^bfe attenipe^^^ raTigij;sg 
SO ikfrft 4 X lo 37 

53, TheentulstoO of clsim SO, x^l^fem the em«y oit has s pol>^ispe^^ f odex; rangmg 
frbrti 0.1 to 0.2. 

64. Au suiidsjon selected from ihe group ccnjiistiag of ; 

an emulssors comprising a compound of fornuila I . a compound of fornuila. 16, a compound 
2:5 of Ibnnuls 1 7, a compound of formula I a, a pel y(eth,yiene oxide)-polY(pmpylene oxide)- 
poly(ethyiene oxide) (PEO-PPO-PEO) tn-bloek copolyr^er wiih an average n^eleeukr 
waght of 8480, an average number of PEO vrnm pFateut ISl, and an average httmber^O 
PFO urjirs of about 29^ pstS'tamfee snSfate; 

30 an em«lsk)tvc<HH|sHs{ng a enpspOoM of fernuila I ^ a cortipc^ishd of fotma 

of lbnBuia I?, a tsompouRsI of &nT$«la; la, a polyCethytene oxy^^^ oxl<k> 
pOly(ethyle«e o?ssde} CFED-PPG-PEO) tn-bbdt eopolysner w molecular 
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weight of 8400, an average eurobef of FEO ysits of about 1 53, afjd so average number of 
PFO utiits oCabeait 2% and polyefcykrsisf ; 

m miiiMm mMpmitig H of tbmmk i j-s mmpoujsd of tbjmufe l<i a coixipoynd 

5 of formula 1 7s a consp0tmd of fomii^is I s^ and a poly(;8t%'iene <>xkle)'ip0ly(pmpyk«e oxide)- 

wslght of 8490, an average tmmber of PEO tiisits of about 1 53 , aveM|s tjumber of 

| (> aft m^irfsion eotnpnsiftg i cbmp*>ansi of Ibs^^ I, a compound Of formula 16, a compoynd 
iOf formula \1\ a po1y(ethylene oxidel-poJyCpropylesie 0X5de)~poly(ethy1ene oxide) (PEG- 
FPO-PEO) (si-block copolymer with an average moleaslar weight of §400, an average 
pamber of ; PBQ limts al)pot 153, and an aw^ag* number of FF© units of alsouj; 39 , m4 
protfrp Jno sulf ^tej 

1:5: 

i«i emnlsioji compming a eopipopnd of fomuk i« a c*>mp<:mml of fottnula 16,^ s compoutid 
of tbrmula 17, apolyCethylepe axsd&jisoiy^^ iPW)' 
PFCM>BO> m-bbek ospolyMor with ajiavorage tj^blocubf weight of $4<jQ, sn average 
nufnfeef of PEQ nujwber of Pl^O i«tsts of ^out 25)^ m& 

20. poifmhyirnvn^; 

coraprisiiig 8 compound of fennuk % @. mtxtpmM. of hmah l6, i\ cQmp0m4 
offojtttula 1 7, and a poly(ethyi€ne oside)~poly(propylen<; oxtde)i>oly(o%1cne o^cide^ 
PFO-PEO) tri-block c-opoly«i«r with an average roolecular weight of 8400, m average 
2 5 number of FEQ units of about 153, and an average numbor of FPD units of about 29; 

sn emulsion comprising a compouod of fonnula 1, a compound of fbmnda I 8:a compound 
Sff lorrnfiia eompPtind of formula I a poly(ethyieue oxideO--po|yC:Pf«*pyjej)0 oxide)- 
jkdyCethyieao o5^{ie) ^FEO-PFO-PEO') tH^MOiek copolynifcr with an a verags molscdiar 
30 woight of 0400^ an tveyage nitmber of PEO units of abpist I S3 arid an svei^ge miMi^af 
FS^O uuits of abdui 29, is>d prptss«ine sulfet;©; 
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an emulsion cotnprpni a compound of fermula 1, a compound of fomiula iS, a compound 
of I'bnnisia 19, a compound of forriiiila la, a poly( ethylene oxsde)~poly(pr0pyl.ef?8 oxide)- 
|?ply{othyleas oxide) pEQ-FPO-FEQ) iri-Mook oojsolynser wftlx an s:yomge smNcuiar 
weight of 8490, an awsge number of FED tmits of aboyi: 153^ aiulM avgnsgo m>mte of 
5 FFD Mi ts of afeoyi 29, aitid |s>iysthylamsss; 

M emulsion compnsing a compouM of lbn«da I, a compound of fomtnla IB, s eomp6»sid 
of Ifetmnla 1 9, a dorspojsnid of fomMla l a, s poly(g:t hy! eno oxkle)- pol> (propylaie 
d?iide)-poly(ethykifte axid^l ||PEO-PF©-P;EG) tn-|sioek eopolyin^r wife an avemp MdteMst 
10 weight of B40Oj M wof&ge numfesr of FEO%iit^ of about 1 SS^i and an aveMge nombsf Rif 
PPO iiuits of abont 29; 

8n emuisson contprising a coi-npound of lopiiuia l, a oomppund of tdnnyla 1 8^ a con)po«nd 
of fbrsrajla I SJ, a jsoiyCethylene oxid@)-pply(pn5p^<joe oxid8}-poly(«thyler!e ^s?^ ff EO- 
IS PFO-PEOJ tti-blook copoiymer witfe m nyoFagenj^ieedar weigh! :ftfS400, ati averagij 
fxumlier ^f PE0 mils of about 153:, and an av^irags; nnrnfe^er of Fl*0 yaits of aboMt 2^, md 
protanaipe sol fate; 

an a««isioa cqjnprismg a eomponnd of fonii^^ 1, a compound of foJTpyla 1 S, a contpoond 
20 of Ibrmala f^^, a poiyl^tliyiene pxi4e)-po!y{pi'Qpy^^^^ (l^feO- 
P:FO~PEp) ts^-block OQjfise with an ayssMgo nioieoiaiar weight 0:f 8400, an avmsge 
nf.jmbef of FED units of about 1 53^ arid an avemge n«MterorFFO »nits of abont^ 21*:^ ^nd 
polyetfeylarn ine: 

25 -m emulsjon comprising a compound of tbrmula 1 , a compound of fonnula 18, a compound 
of fonrmla 1 9, and a poly(oihylene oj4 ide>p(jiy(propyieae oxjde)~poly(ethylisac oxide) (PEO- 
PPO-PEO) tri-block copolymer with m average an average 

number of PEO uujts of about 153, and m averages nismber bf PPO ^ nits of aboutS^^ 

3(1 881 oniolsipn oompiisiti^ a t^mpdnnd of tbslwite |, a compound of tbrmida 4Qj^ a 
O:f;lbn?5nk4lj&0osn|>0bnd of Ibh^ ia. a polyf olityiene o?ti4e)»pblyf p?o 
]5aly(s#yfcne oxide) (FEO-PPp-FEO) iri-blbe;k copoiyj'ner with an average molecular 
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weight of S400, an average number of FEO wnsts of afeoift 153, ayd asv avera§^ nWiber of 

|!0!y{tethyfene oxide) (PEO^FFO*PE0) tn-feioefe eopot y«w miih. an iivwage molecular 
weight of S400, sa average nsjmber^o^^^ Units of abo«t 153^ attd <to ayemg^ imj^ber <sf 
Fl?0 «mts of about 29, and pdlyethylammes; 

1 0 as? emulason comprising a eompoana of feriffiila 1, a compound of fenilula ^ coimpoisftcl 
of tbrrnula 41, a compound of formula i % and a poiy(efeylenes)i>ti<ae)iK>1y{prop.ylsue oxide}- 
poiyCethykKe oxide) (FEO-PPO-FEO) tn-bloek #opolyj«er wUh m average moleoJlar 
weiglit of 8400, an avetsg® number of FgO uplts pf ^^ i53, and an average nuBjtber of 
FFO uiisfe 0f aljopt 

IS 

of foftMiia 41 J a polyCethyiesie 0Xi(le)^poly^propyfeBe oxide)* polyCestlsyleitfe oside) (FECI- 
FPO-FE0) M^blfHik copolyrtter witfe m average moJeciiter vveigh^ of 8400^ an ;svsrage 
number of PEG ntiiU of aboat 1 53 ^ asvci m; average nwml^er ijf FFO 29, pid 

29 poiamifte spAie; 

m mmkhm mmpasmg.&. mn^mmd <s{i&mnW I, a compoisnd of fermuk 40> a coiBpopfid 
of fbnnula 4 S , a pDly(etiwie«e oxidel-polyCpropylene ox{de)-pol><ethy!ene oxide} (PE©- 
PPO-.PEO) iri-foiock copoiymef with m average molecular weight of 8400, an average 
25 ftUinber of FEO unib of aboui 1 53, and an average number of FPO units of about 29, and 
poiyeihyiamine; 

asi esBtiisfon comprising ^ edmpomid of fomiuia I ^ a compound of fonnuia 40, a eompomid 
of fijffnti!^ 41> snd i polSfCeEl^yiejie MMe}'-pbiy^^ (PEO- 

30 FPO-PEO) tjl^bldck eopbly'iner ws th ^ft a vemgc n^oleeniar %vejght of MOO, S« average 
smmber of PEG pnsts oif ?Ebobi 1 5|, akt an avmge nyjriteof PP^ unils of about 29^ 
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m mmhion comprising a c.«mpo«nd of fomsula 1, a compound of formula I a, s 
polv(efeylem :ox5d«)"po1y{|^ oxlde)-poly(eth¥les|e:OXjde) (PEO-PPO-FEQ) to-block 
copol jmier with art ay^^^ af 
about 153, ami an average R^mte of FFC> ijnits of abkwt 2% protamine siJltke; 

5 

an einiilsson compri^itsg a ciimpound of form«k I , a compound, of formtJk lf> a 
poly(6{;liylene OJikieJrpdlj'^p^^ (FEO-FPO-FE0) M-6kwl: 

copMyin^r mth M &y0^^ an avitsge simnber of PEG limts of 

ab(>\M iSS, aisd atii: itv^i^ge nijj^ iiftits of afeaat 2% mM poi> ethyl amioe; 

10 

■an emulsion corrjprjssng a compound of form«la 1, a compound of formula la, ami s 
:poly(ethykn« oxidc)-poly(propylene oxlde)-poly(eO>ylene oxide) CFEO-PPO-FEO) tri-biock 
copolymer with an wensge; molecular weight of 8400, an avor^gg; nysnber of f BO upits of 
aboot m, mm:mm&mmr>km 0¥m units of abont 2^; 

1,5 

m mniMon so??tprisrag a eompoomf ; of forpitwi a la, a p<>|y(©t:h:ylone oxide>py| y(pf opykne 
ox ide>|5ol y{ethykfte t>?S:&) (FEC>'FFC>-F EQ) *ri-biloek copolyra or with an avesrage pioleeolar 
weigiit; of 84ip0s a« averagis number of PEO mam of about i:S3> and an ayeragc^nwafeer of 
FF0 unus of afsoM 29, and protarnme sul f&t&i 

20 

an aifiuksoa compi i sin^ a coi«po«ad of Ibm) nla la, a poly(e*hylssn:e os^ e)*p0ly(prcfpyle?io 
0?iide)-poly{eihylene oxide) (P EO-FPO-FEC^ tri«bbek <50pb with m m^&0 mofec«lar 
weiglu of 8400, an average number of PEO units €>f about 153,, and an average number of 
PFO units of about 29, and polyethyiajiiim-j 

as 

an emulsion comprising a con-ipoiiiki of ifennula la and a poly(eihylene oxide)- 
polyCpropylene oxide)-poly( ethylene oxide) (FE0vpPO-FEO) tri-biock copoiyruer with an 
a*iB0|p ntolecular w^^^^^^ an average number of PEO usiits of about 1 53, arid ab 

average. nuntlw«f 



an eniuision ooni prising a compound pf fonnula } , a componnd of formula 1 6, a comppynd 
of ibmiula 1 7> perlluoro-l 5-cfown-5 otfeer, a polj^^othylm^ oxide)~polyj£propyktne^^o 



in 



PQ|y(ethylene oxide) (PEQ-PPO-FEQ) m-yofek copolymer wiih im average molecular 
weight of S400, an average nymber of FEG ismts of aboui |->3,jtncl average :i>u!sbe;f <?f 
i?FO units of absiit 29, jmd i^rotamtoe sul l%t®; 

of Iwmula 17, perftuoro- 1 5--erowiRr5 etlieFs a pofjfCethySme ij3<id^)4>oly^^^ 

pbly(eth ylmt oxide) (FEQ-FFO-'FEO) tri -bi scfc eopoiyiner mtb m svef 8g« mokeulasr 

welgHt df m average duwsfser of PE0 «t« ts of afeo^t I S3 , and M average EWtnter »f 

m 

m emulsion comprisiog a compousid of formula I , a compound of tbr?-nula 16. a compound 
of formula 17, |>erfluorO" 1 5-crown-5 ether, and a polyCethylene ox!de)-poly(propylene 
ox}#|"p0ly(e(hykfte ox.5<;fe) (PEO-PPO-FEO) fri-block copolymer wi^h an average molecular 
wesgi\t of 8400, sn average: littmber of urtf?s of abowt and an ^^ersg^ number of 
15 FFG units of s|>otJt:29; 

as erswlsion: oompnsmg a (sompound of formula 1 , a compound of for^svMls 1 8, a ajmpootKi 
offommb 1% perfluoFO-i $-csx>wq^5 ether, g potyt^thylme 03tide)Hpojlslpj^pyi^ 
poly(«:^hyl«n:& oxidel (FEO-FI'O-PBO) tri~bloek copoljTii^r wUh m mm^g& moimxihr 
26 woiglk ef $40Q, (m average uofisber of i*ED uuits of about 1 5% and m aysrage Gtirafeer of 
FPC) urssis of abo«t 2-9;^ sad psotarnme &ullate; 

■m eBTttlsion comprising a compoimd of fomiula L a ooinpourtd of fennuls 11, 3 oompound 
of IbnYUiia 19, perfluoro- S 5"CrowR-5 ether, a poiyCethylene ox!de)-poiy(propylene oxide)- 
2S poly(ctlityiene oxide) (PEO-FPO-PEO) fri-ljiock copoly^oer with, an average molecular 
weight of 8400, an average number of FEO Uftiis of abouj ! S3, ar^d ajj average number of 
PPP units of about 2^, atuf polyetfeyiamine; 

sfi emulsiOEVcpftipstisng a edsi^po^u^^^ I, d eompdund of tbmula 18, a icdmpofiml 

30 df fbnnuia ] §j psriluoro- fS-efown-S ^th^^^^^ and a ^o}y{^thykhe oxfdfe)-poty(prop^^^^ 

oK5de5-|olM^^^^^^^*^® dxid# (PEO-FFQ-PE©) M~bi#k dopo1y5jie;r witb aft avetisg^ dibloc^ular 
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weight of 8400, as avmge niMTsher of f p0 anits ofafoout IS3, and an ^v^ergge jiumber 

m emulsion comiinsfeg a cqimpound of fonnu^ 1, a cotspouftci of femnula 40, a eompoumi 
5 ftf fejlTJula 41 , psgrOuoro?- 1 If -{j^^ etMt, a i3o|;^!(eth ykjie oxM^^ oxide)? 

weight of asV sveTage ntsmber of PE<3 units of afeout 1 S3, and an aveF#ge number isf 
PPO imits of jjfeoot and prdtamisie sulfMe; 

10 an eeiiilsiori compnsing a compoaml of formula L a compoMd of formula 40, a compotmd 
of formula 41 , perfluoro-l S-crown-5 ether, & poly(ethyiene axide>po1y{propy1ene oxide)- 
poiyCethylene oxide) (PEO-PFO-PEO) tri-Mock copolymer with m average molecular 
weight of 8400, m average 5) amber of fBO units of about aiid an ayetag^ nuuibef 0 
PPO uatts of i^oyt 2!^, and |sol>^yi^«sne; 

is 

ai3 emulsfo^ comprissing a cojr^poand of formula ! , a eompound of fonnula 40, a et>ri)|)«uml 
of fofmiila 41 5 perlluoro~J S>-esx>ws-S ether, ami a poiyfelhyle'Re o?^^de)^-|>t>!y(propy^e^e 
oxsd<^-j?ol)i^ethy3eaje 0dd©j (PBD^^FFO-PEQ); tri-lstoek^^^^ with an averap Rialecular 
weiglit of 1400, ait a^'mgo num^^^ 153, arid aw avmge mmjber of 

20 PPO units of aboM S??^ 

m emulsion comprising a eompoppd of iormuia |>efau(TO>:lS>rcrow^^ ether, a 
polyCethylene o?{ide)-po!y(p;x)pylene oxide>-poly(ethylene oxide) (P£O~PP0~PE0) tri-hlock 
copolymer with an average woktcolar weight of 8400, an average number of PEG units of 
25 aboui 153, and an average number of FPG tmits of about 2% and .prolamine sul faiej; 

355 ernuision cdmpnsing a compound of fors^ls 'a !, pert1l;ori>-l5 -!;:rown -5 ether, a 
l>oly(e%4es-ie oxide)-poiy(piO|sylene oxide)-polyC0th>^^^^^^^ oxide) <PEO~PPGvPEOj iri-bioek 
eopolymer wiih an average jndleeuiaf %¥eig;ht of S400, aii average njimber of PEG units of 
30 ibout 1 5S, and sn iayerage ndnilsei- of BP0 units of sboyt 29, and polyethylamsne; 
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m emulsion comprising a compaund of jfofoiais I, peflluo!x>-15-erown-5 ether, and a 
:p0ly(sstliylepe 0xIde)-polyCpTopylej)e oxi4e]hp»l^«|i|t^f^e.:'Oxi#} (PEO-PFO-PEO) tri-biocJ?. 
copoiyjBer with average moteuisr wei^t of 840Qs m aysrsge pumber of P EO uoi of 
abotit I Si, Mt%d an average namber of usntss of abeMt S^^^ 

3 

m om«ision cot»pri$in| a csimpoussd of tonm^s lavprf 

pdlyCetKyM^e dxide)rp0l5<propylebe oxide)-|}o]y<etfoykii0 oxide) (tBO^FFO-FEO) tti-bkck 
eopolyriter with sh fweragt* riiolecuisr wsig^ an average number of PEC) units of 

Mm& i^M^ ssM a^^SEV«ra.ge iiijmb^r bf FFO units of alj0»t20,^n£l prditamitie suite: 

m 

m esPiilsion comprising a compound of formula 1 a, peril uoro-1 S-cro wn-S other, a 
poty(ethylene ox}d«)-po'l.y(prx>py1ene oxide>poly{ethyk»ne oxide) {PEO-PFO-PEO) tri-block 
Copolysncr wjth an :aY«rage,ippls?cul8r wdghtKsf §400, an sveraps n«n^ber of PEO tmlts Of 
#0Ut 153, ^«d #«;irs«ragsnonifeei;:off PD units of about and p0lyefhylamin8; 

IS 

an omukion ctsmprisij^g can^poyad fenmla la, perfinoro- i S-crown^S ether, and a 
po}y(ethyle«s?OJ<,:ide)i?o:ly(pJo^ 

copolytner with mi aves^ge molecular; wsj^glvt of S4(){), an sv^jrage nuj^ 
sboal I Si, and asj as'ersge number of FFO units of abopt 

m 

an emnlsio8 0om|jrIsIng pemuoro-I S-^ ethet, a i^olyCetfeyleno 
o^ide)-poly(ethyleno oxide) (PEd~l*PO-P:^^ 

we ight of 8400, 8?^ avarage mmber of FED mm of about I §3 , 8r?d an sverap numbef of 
FPO mit% of about 29, and pmia-Bine sulfete; 

25 

an emulsion compriaiog peril uoro-1 S-card-^s-S ^her, a poiy(ethyleoe oxide)-poly(prop.y loiio 
oxide)~poly(etbylenfe oxide) (FEO-FPO-PHO) tri-bloek copolymer with asi average molecular 
weightof aiiavferagenusnfeerbf FEO uaita of abttut 1 53, abd an averaie atimber of 
FPO units of about and 1^^^^ 

30 

ah omulsip« comiimlng perflub^^^ other and a pply^ethylene oxidi?)- 

polyCpropylehd pxide)-poly^othylone pxi^^ i(PEC>*PFO-P80) tri-bfeck pppplysnor with an 
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average Bveiscukr weight of 8400, an avemge niifj^er of PEO mits of afet)yt 153, and 
smag^ Bomber gi FFO units of sfeowt 29; 

sirs erewlstoil cdm^sosiBg a c«n)pi>und i>f femvala ISj a palyCelfeyleBe oxidS;)^poly(pK>pyk-w 
5 0xide)-f 0ly(etf5yien« oxsde) 

w«5gM of dlOO, a« avemge nwmber of FEO mnii 6t 'Mmt '?4, a«d sft average sBmbt* of l*i*0 
units of about 56; and m emdsiCler, \^'hemn thte emufsifj^r is a noTJr^ioslic- soluMllser 
com|>dsing glycerol p&lyetfej^ene glycol nstnoleate; 

10 an e^ndsion comps ising a conipoiind of fom^ula la, a compound of fbnnula I, a 

polyCeshylene oxitle)-poiy(p3X)pyle«e oxids)-poiy(ethykue oxide) (FEO-FPO-FEO) iri-block 
copolymer with an avmge inokc«lar weiglst of 6500, an average number of P'BO units of 
ahoul 74, and an average number of FPO iiSjiis of aboot 56. imii -dn esrulssfl&r, wherein ihe 
em«i$ifler 1$ a ntm^ionie soliubJli^er ojpprising glycerol polyetfiylene glyi^ol tidtjole^itsf;^ 

IS 

aivssmdstofi c»mpns^^^ compmsrid sf formula la, pisrlluoro-^lS-c^^^^ a 
poly(^iyle«e 0xldej-|3olyC^ 

eopol yj«of widi an average rftokcuiar wei^rt of 6StK), an average tiuoifeer of isni ts of 
0smt 74j and an avs^age iiumfeer of PFO iiaits^^o^^ wberek tbe 

251 omsisl^ssr is a; ROMons^^^^s^^ cc^pming^yc^lpolyat^ glycol nd«j)lsat€j' 

ail ais^afeion e<«^ipr?sii!g a cornpoundof fermula ia, a coiRspou«^ 1, perfluofo-fS^ 

crown-5 ether, a poly{etbylen€ oxido)"po I yf propylene oxide)«poiy(ethylesie oxide) (FBO-- 
PPO-PEO) tri-bk»ck copolymer wiih m\ average molecular weight of 6500, m average 
25 number of PEG mm of aboui 74, ai«d an average number of PPO units of about 56, and an 
enr^dsifier, vvbereisr tbe eBruisifie?' is a nondonic soiubib 
llycdl ificinoleate; 

a« ^mulsjob c©mi)osjhgpfefilyora-b5-orown-S ethe^^ oxjds)-pdly^propylene 
30 oxtdss)vpolyti^byl#«s |FEO-PFO~FEp) tri-blocE C0poJyd)ef with m avei^ge fn©le<iiti^r 
\voigbi: df SS OOj an average n umber of PEG tJdits of about 74, arid an av«;r^^e ndrdb 



ISO 



«nsi$ of about 56, mi4 m mauhxtm, whMpmiM emisMfi& m ^s^ 
camprismg glyceroi polyethylep^ glycol F?ciaoleate* 

Sft emttkion eotnpositt^ a compoyml of fbnpwla I , a oempoysd of tibrmula |<6, eompcasnd 

|x>f y(etliyl8ne oxide) f FEO^^FPO-FEO} tn-fel osk sopolymef mih as avemgs niokcul ar 
weight of 6500, m average number of P ED units of aboiit 1% an<J m m'tm$mmtaht$ of Fl*0 
amts of about 56, m& m emtiMfieri %vhereifi tlie emt^lsiier is a min-k^nfe solublliser 
comprising glycerol polyethylene gl|oO} riCirsolcitte; 

10 

sn mvulsiors comprising a compound of fbnmds K a compoand of tbrnrula 1 S, a compoujtd 
of formula 19, perfluoro- 1 5-crown-5 ethe^ a polyf ethylene oxide)-polyCpropylene oxjde)' 
:p0ly(ethyie5i:e oxide) (FEQ~?FO~FEO) to^bisck copoiy«5er with m s^mm n>olecular 
wssglit of 15500, an average Kurbb# ef PEQ tmits of about 74, and an average tiU5»l3ef Of FFO 
1 5 isoks of about S6, and an ennslsilie?, ^^M&rm (im em^kilier is a nft«4dsuc soliibsliser 
comprisiTtg 0yc.m>l polyethylcTje glyml ricimkate; 

un cmuisioa eomprisisig g compoppd of forpula 1 , a compowsid of fonuiila 40, a eomppand 
of foHKola 4 It pcyfluoro- 1 S-crown - 5 ether, a poly(eihyfe^c 0X5de)-ptdy(prppykiiui oxide|- 
20 p{>!y(e^yle^e oxUc) (1*EQ- PPOrPES) trirblock copolymer witk an ay erage moleeplar 

W#ght of S5()0f an averap wu^ 74* ami m\ averaige mimbcr of f*PO 

uiiits of afeut S6j emulsillcr^ wherein tbc emtj|$ifscr is & noff-^ionic soiuMliser 
eORipPSing glycerol polydhykrte glycol ficinokate; 

25 asj emuision comprising a compound of fbnnula \ , a cosnpound of formula 16, a cOEijpoynd 
of fonnola 17, a coi«poand of formula la, a fK)iy(ethyienc oxsde)-p«ly(prapy!ene oxide)- 
polyCethylene ox:ldcH^*£<^'^^<3'-^SO| tri-ljldels copolymer with sm ^verap siiolecular 
weight of 6500, an average iiumbef of FED units of abottt 74^ and ajY average rmmfoer of P PO 
umts of about 56, and ap einulsifter, \Vherein the efi««Jsifser is a r4?n~kmic s»fc^ 

30 eom^jming glycerol po|>'«;tbyterte glycol noinbleate; 
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ax'i emulsion comprising; a compound of ibrraula I, a compound of tormuls 18, a eompoiind 
of Ibrmula 19, a compffimd of fomjiila la, § p(>ly(elii)'l8sssoxsdsj)-|}oiy(|srG|^ oxsde|» 
p0ly^etii)flme ©xide) |FEQ«PPC):-PE£)) tri-blQck cspalymer with awrage m(s1«eular 
weight of ^50(1, an average namb&r of J*:feO unsts of sfeoai ?4, s??d sn isverage ftumber of PFO 
umts of aboat S6s and 8» siTsylsjifier,; \s;hsrem ths emulsiSe^^r is a aoa-iosk^^s^ 
C0m|yrjsing glycef dl polyetlsyfene gl ycol fiei iissfeate; 

an Qtnu l&kM mmpnixng & mmp&imdM fonnula f , a c0nip<H3nd of fdnmsla 40, a compound 
of fommla 4l5 g eompouftll pf fbmiiila Uj s poly(ctliylM^ 

poly(e5:hyltee ojtfde) (PEO-FFO-PEG) tri~Mock copofysnef with an average molecular 
■vveight. of 6500, an average number of PEO units of about 74, and an average number of PPO 
units of about 5(>, and an emolsHier, wherein the ernulsifier is a aoii-ionic solubiliser 
corftprisiftg giyceroi pplyctbyle^e glyeol riciiioiestc; and 



mi cr5>alsion comprising cornpouiKl fomsnk 42, a ^cly(dhylene oxidcJ-^olyCpropylcne 
0xide)-p«ly(e^hylene ftjc^i (PEp-FFC>^PEO) tri^Blq^^ ?X)poly5Ker witb m average mtilectikr 
weiglit of 6500, mi average nnmfecr of FEO un^ of ahout 74, apd an average itumber of FFO 
units of MsKUt Sii, and an emui&ilief j; wharieifi the einaisifc is a rioft-ionic Mjltt^ 
eomprising giyeerol poiyeifeylette glycol tIcitRdeate, 

65. A methoti for p^fcparing a «ompositibrs comprisiiftg a compounU of fomiula I Siid a 



^v. : .Jl. lO. ,-XJ 



F PL f F j„ o pj aud h (31), 

wherein 

n^ independentiy for eaeb occufrencs^, repfeseftts ad integer frpni 4 tb 16; and 
one or both X aftd Y is asi arnide other thait diethyl amtde^ 
oomprising; 
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fiaving two ntcthyl ester m4 gtonpz with a f^rim5»'>^d^ses^©nd^i^^ aaistss fjtlief tlmt> 

2) reacSsrtg Unmpdli fifed Bitetl^ ussier «^n4l ^oups with ssiiCieM dieiliy|^n«m%^^ 



4) d|5tidrtall^ reafcving «dii-volMi|e isnj^eacSs;*! aittiBsBj^ select feJtCfactson in 
fliiOrinated solvents or toompus pfiass kviM e^itracisoi^ fili:rati0n 
s>6. A metliDd for prepiumg an emulsjosj of a PFFE dcpvaii ve wsth block cop0ly«5§t 
using bxv ei5ergy msdiods, 
10. 67. A metlKxl fe prepapjsg m. smxihton Qi'my «>j^e of claims 50-64 oomfti^^g low 
m^rg^ jnethods. 

p. A metho<l of apy oi)«;<>C : Cfr^7, wh^arein the tew energy m«fl5o4 eomprisss a 

0. A «ietfe<i!Sjl :!br ps- epaiissg 8« iemyJsfeft of my ene of daims 50-M coTSjpdsi ng M0\ 
15 energy atelliods, 

70. The meted ixtdaim 69> vvherieln the higk en'^jiy jiifetbiKi i$ ty5icr<>fluiidi«aM<sn. 

71 . The ?»etli!od of cimm wltesnein te; high eoe^iiiethsd:!^ 

73 , A imetlod fer labeling- a c#i tte method wmpnsini contacting the ex vivcf with a 
SiiOfocarfeoilimagmgrc^^^ cOnj|msiiig a cfeinpouiid of ahy one of claims i-^iS m49iiM^ 
20 isondhions sijch tikt the iliidixs^^dson Magi% iMgen t fcebome^i assoeifeted with the efell. 
73. A jT^etltod for detectmg a cell in a siibiect, il5c .n^ethod comprising; 



1^ 



a) 3(l?s?«lsi;tor|iig:t« the sub|oc4;;a cell thai is iabeied with; a flTOtjcail'on Imag^ 
reagent eotrspnsiag a compound of any ons? pf oiasms 1-lS or aiid 

b) exaii^lnis'ig at least a pos'don of the Mshjefct: by a isoclesr magiietic resonance 
teehnislisej Ihei eby deiectifig a labeled mU ih the siabfect. 



?4, 



A mstliod tbr dei«c.ling tmnsplanied celis ijva tfattsplant recipient, the method 



coj«pnstng,' 
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a) ■a4ntmjstering cells for irasispias^ to a trajjsplant recipient, at least a portion of 
which cells ibr frajisplant are Isbeied with a tludfocarbon imaging. reagent 
comprising a eo0\j>ou«ci of a«y osis of claims 1-15 or 49; 

b) exsminijjg at tost a portion of the subject fey a m^clear msgnolic resofisnce 
5 techniqaes thereby d^tectrng the l#ete<i siellss. 

75. A metHocI for qtJaMitymg cell nomfeier in wi-ei, the method eomprisiog" 

a) a4miois^eri«g to the suhi«a are labeled with s Ouorocaxijoj) imsgsHg 

reagent coT»]j?|$i:!>:g s compsy of aay m^i of claims 1 - 15 or 451; 

h) oj^as-nimsig at Iteast a p©itlon of ti?g Suhjeo^ rmmsnc^ 
10 te(ih?Mqiie, thereby detectiiig iahgsled sail^ m th^e subject; asx! 

c) <jua«tilystig the ttianbfer of lahelesd cells in a region of interest {ROI), 

76. A methf>d for labeling a cell, the meted eompsising contaaing the eeil ?« vim with a 
fiilbrocarbon imaging reagent comprising a compound of any one of claims 1-15 or 49 under 
.conditions such that the iUiorijcarbon imaging reagent bccon-es associated with the celt. 

I S 77, A method ib^ deteetiag & cell, iti a subiei?t,: th^s method eomprisiog: 

a) administering to the siit^fect a flMracast^ 
eompodhd of any one of blairnisi i --1 S or 49; arid 

h) exarhi nmg «t iba^st a isort ion of the; snh|ect hy a ooolss^ magnetic re^onanc^; 
technique, thereby detecting a li%efc<i cell in the snhject. 
20 78, E liiheled cellular tbrmtilatiba Ibr adtnliMtraitibn to a sMbject, the tbmmlation 

comprising; 

4 a cell; a«d 

h} a liiiOroeastfOn in? aging reagent comprising a compound of soy one of claims 
l-IS or 4# that is assoeiated wiMi tbe eclh 
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